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Abstract. The EG&G Model 260-TIH side-scan sonar is a high resolution shallow

water mapping instrument which produces detailed images of the seafloor over which it is

towed. Side-scan sonar is used for a variety of applications, including geologic surveying

and minehunting. Raw side-scan data, stored on digital tape, contains many geometric

and radiometric errors. Post-processing is necessary to correct these errors and maximize

the usefulness of the data.

The Borland Pascal program SIDESCAN has been developed for sonnoraph

display and analysis. The program runs on standard MS-DOS microcomputers and

displays fully corrected image segments and mosaics. Merging satellite navigation data

with the side scan imagery yields ground registered images, allowing a user to accurately

locate (in latitude/longitude coordinates) and measure any bottom feature or overlay

bathymetric contours. Digital mosaics of the Chesapeake Bay bottom near the Severn

River demonstrate the power of the process.

Images of mud flats, sandy regions, and oyster bars show the variability of

sediment types in the Bay. Many features, both natural and man madc, have also been

identified, including buoys, the wreckage of a barge, ridges and mounds, a deep channel.

submarine cables, and trawl marks.

Keywords: Side-scan sonar, Chesapeake Bay, microcomputer digital image

processing
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1. Introduct'on

1.1. History of Side-Scan Sonar

Prior to the 1950s, scientists could only speculate on the nature of the bottoms of

the oceans and deep lakes. Primitive sounding devices provided a vague picture of

seafloor morphology, while isolated bottom samples hinted at sediment composition.

Based on this meager data, researchers pictured the ocean floor as a mainly flat,

featureless plain blanketed with a layer of sediment.

Several developments in the 1960s sparked intense interest in the examination of

the ocean bottoms. The Vine and Matthews seafloor spreading hypothesis, through its

widespread acceptance, shattered the belief that the ocean floors were passive, flat basins.

Deep Sea Drilling Project core data and narrow beam echosounder bathymetry data

continued to provide evidence that the seafloor was a dynamic surface dotted with a

variety of features and sediment types. Finally, firsthand glimpses of submarine ridges

through the portholes of submersibles intrigued scientists and inspired a clamor for more

detailed and complete exploration. Study of the deep ocean floor required a tool which

could quickly and accurately map large portions of the bottom [Johnson and Ilfe¢lrty.

19901.

Since the 1800s, scientists have known of the excellent transmission of acoustic

energy in seawater. This knowledge, coupled with new electronic technology, led

researchers to develop the first sonars (SOound Navigation And Ranging). Although

these systems had been used widely in World War I to track enemy ships and submarines.

it was impractical to use them to chart ocean bathymetry. Starting in World War I1,

however, Ilarry I less used echosounder data collected by Navy warships to support what

later became his plate tectonics theories. In the 1950s, British and German mariners



invented the first sonars which imaged large swaths of seafloor to chart dangerous shoal

areas. The images, or sonographs, formed by the interaction of sound pulses with the

bottom, were blocky and difficult to interpret [Stride, 1992].

EG&G Marine Instruments researcher Dr. Harold "Doc" Edgerton used a similar

technique in 1967. By turning his "sub bottom profiler" so that the beam of sound energy

would strike the bottom at an angle, instead of straight down, he found that he could

identify anomalies on the bottom far away from the ship, perpendicular to the ship's track.

Hard targets reflected the most energy back towards the transducer, thus producing the

brightest images. This simple experiment formed the framework for the future

development of high resolution shallow water mapping instruments [Thekkethala and

Spruance, 1992].

In the 1970s and 1980s, engineers further improved side-scan sonar resolution

until sonographs resembled photographs of the bottom. However, even some of the most

modem side-scan sonographs still contain geometric and radiometric errors (spatial and

return strength errors, respectively) because of the side looking nature of the sonar and

the behavior of sound in the water column. Image processing techniques must be applied

to side-scan data in order for features to retain their correct undistorted shapes. Corrected

and enhanced digital side-scan sonar mosaics enable scientists or military tacticians to

examine a large area of seafloor projected on a map grid for bathymetric features,

sediment types. or man made objects [Johnson and Helferty. 1990].

1.2. Side-Scan Sonar Applications

High resolution side-scan sonars havc a wide array of military, commercial, and

scientific uses. They are especially useful to one of the fastest growing Naval

communities. the mine warfare force. because of their ability to quickly scan large swaths

i IiI I I I
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of seabed and water column. They have been used extensively by salvage companies for

locating shipwrecks and downed aircraft. Geologists use the sonax to analyze bottom

topography and f.-atures, sedimentological framework, biological bottom communities,

bed roughness properties, sand waveforms, and hurricane effects. Finally, marine

biologists can use the sonar to detect and quantify communities of benthic organisms

such as oysters.

One of the. deadliest threats to surface shipping since the 1700s has been the mine.

Mine damage to US.S. Tripoli and U.S.S. Princeton during Desert Storm highlights the

importance of this warfare area. The former Soviet Union, with an inventory of as many

as 450,000 mines, is a concern not only because of current political instabiliy, but also

because of unscrupulous selling practices. Many Third World nations have recognized

the brutally effective value of the mine, and some nations have already stockpiled more

than 100,000 mines [Murphy, 1993]. One of the fundamental tools in use among the

minehunting forces cf the world is high resolution side-scan sonar. These sonars can

identify both bottom and floating mines. A database, compiled during peacetime, of

normal side-scan returns in a given area greatly assists the minehinting process in a

wartime situation [Thekkethala and Spruance, 1992]. As the focus of naval warfare shifts

to regional conflicts in littoral areas, more accurate and reliable side-scan systems will be

called upon to neutralize the mine threat.

The U.S. Navy also uses side-scan sonars in diving and salvage operations. CDR

Green (personal communication, 1994) of the Deep Submergence Unit in Coronado,

California stressed the importance of their side-scan sonar in locating downed aircraft and

submarines. By pinpointing the location of wreckage before starting salvage operations.

critical underwater time is saved.

Geologists have used side-scan sonars tbr a variety of applications. In Buzzards

Bay, Men:ie et al. 11982] used an EG&G SMS 960 side-scan sonar to study a dump site

Lm
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located in 7-18 m of water. One-meter features were clearly discerned with the sonar.

The topography was classified into six major topographic regions, including flat areas,

wave forms, and cratered bottom areas. In addition, they used the sonar to identify

sediment types and stages of benthic biologic succession.

Bothner et al. [ 1992] mapped the textural and morphological variations in the

western Massachusetts Bay region to determine a suitable spot for treated sewage release

from Boston. They predicted paths for contaminant transport and also studied the

habitats of sediment dependent marine organisms. Their data, comprised of bathymetric

maps, geologic maps, and side-scan mosaics, was stored on CD-ROM. Knebel et al.

11992] also used a shallow water side-scan to study this area, focusing on Boston Harbor.

Side-scan sonar data was also used to help classify bottom types in the Potomac

River estuary [Knebel et al., 1981], the Delaware Bay [Knebel, 1989], the continental

shelf waters off the coast of Maine [Kelley et al,, 1989], and a nearshore zone along the

Rhode Island coast [Morang and McMaster, 1980. Knebel et al., 1982]. From this data,

geologic histories of the areas were constructed.

In a study of the bed roughness in the lower Chesapeake Bay and the inner

continental shelf, Wright et al. 119871 classified the bottom into ten different types. They

relied primarily upon a 100 kHz fully corrected side-scan sonar for their conclusions.

They validated their interpretations with in situ observations by divers. Wave ripples,

biological roughness elements such as oyster colonies, and gravelly sediments were all

clearly revealed with the side-sean system. From these observations, they made further

conclusions about the water flow across these bottom types. Hobbs [1986] conducted

similar experiments in the southern Chesapeake Bay. He focused on the ability of the

high resolution side-scan to resolve small patches of differing sediments.

Greei 11986] used a high resolution side-scan sonar to map sand wave

morphology near Duck. North Caro-lina, on the Southern Bight. By matching features.
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Green constructed a mosaic of the sand ridge area and identified bedforms including sand

ridges, megaripples, and smaller wave ripples. Harris and Collins [ 1984] also studied

sand waves, though they concentrated on the variations in sand waves imaged in the

Bristol Channel due to storm events. Mann et a. [1981] classified sandy bedforms based

on EG&G side-scan data from Nantucket Shoals.

Severe weather events, such as a hurricane, can cause severe damage to the

environment. Mearns et al. [1988] compared side-scan sonar sonograplis of Onslow Bay,

North Carolina, produced before and after Hurricane Diana, and concluded that the

seafloor itself suffered no drastic changes as a result of the storm. As side-scan sonar

data continues to accumulate, seasonal and annual seafloor changes can be analyzed more

accurately.

The oyster bars of the Chesapeake Bay have afforded an excellent opportunity to

apply the capabilities of side-scan imaging. Concentrations of oysters, due to their high

population density, shell hardness, and shell roughness, appear as extremely high energy

returns on a sonograph. Hobbs [1988] used a seismic profiler to identify and quantify an

oyster bar in the Tangier and Pocomoke Sounds of the Chesapeake Bay. The main

limitation to his method was his lack of data coverage. Coupling an echo sounder and a

100 kHz Klien side-scan system, Dealheris [1988] found that oyster reefs of oyster

density 91//m2 (confirmed with oyster tongs) were easily discerned. He demonstrated the

feasibility of the oyster reef mapping in three tributaries of the Chesapeake Bay.

1.3. Operating Principles

Like any other sonar system. side-scan sonars operate on the principle of timed

sound propagation in water. While echo sounders use a single transducer for transmitting

and receiving sound energy, the side-scan sonar uses a linear array of interconnected
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transducers mounted on each side of the torpedo shaped "towfish." Thus, two beams that

are wide in the across track dimension but narrow in the along track dimension are

produced. These fan-shaped sound pulses. or echoes, propagate outward and down,

where they strike the bottom and are either backscattered (reflected back) to the

transducers, absorbed by the water column or bottom, specularly reflected away from the

transducers, or dissipated through attenuation. After h'eing received by the array of

transducers, the echo is transformed into an electric voltage and transmitted to the Model

260-TH processing unit aboard the survey vessel [Johnson and Helfer.ty, 1990). Figure 1

illustrates how a side-scan sonar collects data. The strength of the returned energy

depends upon its angle of incidence with the bottom (bathymetry), type of acoustic

reflector (sediment hardness), and the surface roughmess at the scale of energy used

(microtopography). Slopes angled towards the towfish produce strong acoustic returns

because more of the energy is reflected back at the transducers, Likewise, hard objects,

which are more reflective to souad energy, show up as stronger returns than soft bottoms,

which tend to absorb sound energy. Finally, the surface roughness, or microtopography,

affects the return by reflecting acoustic energy back to or away from the towfish. A

smooth bottom, like a mirror, produces a specular reflection in which the angle of

incidence equals the angle of reflection. Thus, the majority of energy incident on a

smooth bottom will be reflected away. Rougher bottoms correspond to stronger returns

because some portions of the surface will be angled towards the towfish [Gardner el al..

1991 ]. Finally. some low-frequency, long-range systems such as the Geological Long

Range Inclined Asdic (GLORIA) have been known to penetrate the bottom slightly,

revealing information about sediment thickness [Mfitchell. 1993]. The data, or sonograph,

stored and printed aboard the research vessel shows the track line of the towfish, the

water column, and two greyscale pictures of swaths of the bottom, one on either side of

the towfish IEG&G Marine Instrunents, 1991i.
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1.4. Interpreting the Sonograph

A side-scan record, or row of data, is produced by the integration of hundreds of

returned echoes from the water column and seafloor. Many variables affect the quality of

side-scan sonar data in addition to those which produce an image, including

environmental conditions (winds, waves, currents, and water density variations), survey

vessel course and speed, acoustic noise, towfish depth, range setting, and frequency

setting. Figure 2 is an uncorrected side-scan sonograph from the mouth of the Severn

River. It shows the vessel track line and two channels of data representing the water

column and bottom features to the port and starboard sides of the towfish. White shades

represent the strongest returns and black shades the weakest returns. Many other side-

scan systems, including the EG&G thermal printer, use an opposite color convention.

Occasionally, fish or random particulate matter (collectively known as "sea clutter")

produce slightly stronger returns in the water column. The first bottom return is usually

discernible as the light line bordering the outside edge of the water column [Chavez,

1986]. Features appear as varying shades of grey on either side of the trackline, Acoustic

shadows are dark regions where ensonifying energy cannot penetrate. Typically the)y are

found on the sides of elevated features which face away from the towfish. Features in

Figure 2 include small round mounds and two ridges. Long dark marks along the sides of

the ridges are acoustic shadows, formed as a result of the height of the ridges [Teleki el

al., 1981).

1.5. Imaging Errors

Interpretations of sonographs produced by modem side-scan sonars must be

tempercd with caution. Raw sonographs contain many geometric (shape) and radiometric

II
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(return strength) errors. Geometric errors include slant range distortion, anamorphic

distortion, and speed variation distortion. Slant range error is introduced in the image

because the side-scan circuitry records the returning echoes as a function of the time of'

travel (yielding the slant distance from the towfish to the bottom), and not the horizontal

distance from the nadir of the towfish to the object. Thus, objects appear farther away

from the trackline than they should be. The Pythagorean Theorem will be used to correct

for this error [Paluzzi el al,, 1976; Burrett et al., 1991 ].

Since sound pulses are transmitted at regular intervals dependent upon the

selected range, the along-track dimension of the side-scan image is dependent upon the

speed of the ship. The resulting image usually does not have the same along and across

track dimensions (known as anamorphic or aspect ratio distortion), To correct for this, an

algorithm must be included in the display software that will repeat or omit the necessary

number of rows to force the along-track resolution to match the across-track resolution

(typically along track data must be repeated three times to produce a square pixel)

[Chavez, 1986; Searle et al., 1990].

In addition, because the side-scan sonar uses a speed log (measuring the speed of

the survey vessel and towfish through the water) to generate its speed data, this may

cause distortion ifa current is adding to or subtracting from the speed of the towfish over

the ground [Palu:zi et al., 1981.] For example, a towfish being pushed ahead by a current

will image more of the bottom than the speed log would indicate, This produces an

image which is incorrectly compressed in the along-track direction. This error is

compensated for by using speed over ground instead of speed through the water. The

speed over ground is calculated by introducing satellite derived ((IPS) position data into

the side-scan records.

Radiometric errors are those which aftect the return strength. or digital number

(l)N) of a pixel. A fully geometrically corrected image still may be difficult to interpret
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due to the following radiometric errors: far range power drop off (undercorrection of the

towfish's time varied gain, TVG), speckle noise, and striping noise [Chavez, 1986].

Due to the attenuation of sound as it travels through the water, images become

degraded near the edges. The time varied gain circuitry within the towfish automatically

applies a correction factor which partially compensates for the attenuation of sound

[Searle et al,, 1990].

A common problem in both radar and sonar digital images is the presence of

"speckle noise." Speckle noise is the random sprinkling of contrasting individual data

points in an image. It gives the image a grainy appearance which further complicates

feature identification [Chavez, 1986].

2. Data Collection

2.1. Equipment Specifications

An EG&G Model 272-TD side-scan "towfish," a torpedo shaped instrument

towed behind the survey vessel (YP686), was used to image the mid Chesapeake Bay,

Typically the towfish depth is several meters below the water surface, although this varies

depending on the amount of cable deployed (usually 25 m) and the speed of YP686

(usually 4-6 knots), The EG&G Model 272-TD towfish's specifications are listed in

Table 1. Its lower frequency ("100 kHz") mode was used for this project because strong

signal attenuation associated with the higher frequency caused image degradation at

ranges in excess of' 100 m. This frequency plays an important role in determining

resolution, effective range, and image quality [EG&G Marine Insirumenhs, 1990;

Johnflson and Hel-vi , 1990].

Side-scan image resolution is the ability of the side-scan to distinguish between
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adjacent features, and is ultimately dependent upon the size of the "footprint" of the

individual side-scan ping. The maximum across track resolution possible is dependent

upon the pulse length and angle between the sound path and the horizontal (Resolution =

dt * c / [2 * cos(E))). For a 0.1 ms pulse length, an assumed sound velocity in water of

1500 m/s, and a 20' look angle, the across track resolution is 8.0 cm. The closer features

are to the towfish (bigger 9), the more difficult they will be to resolve because the

"footprint" of the sonar ping will be larger. The maximum across track resolution (E = 0*

) is dt * c/2, or 7.5 cm. The ideal along track resolution is mainly dependent upon the

ping rate, Assuming that only one ping will be in the water column at any time, the

maximum ping rate can be calculated. Assuming a speed of sound in water of 1500 m/s,

it takes a sonar ping 0.267 seconds to travel to the edge of a 200 m range and back. If the

speed of the YP is 6 knots (3,05 m/s), it would cover

0.81 m in the time it takes a ping to depart and return. This along track resolution further

degrades with ratige because the horizontal beam is not constant, but actually spreads

(1.2") with distance from the towfish. Thus, the "footprint" expands in the along track

dimension with increasing distance from the towfish (Along track "footprint" = beam

spreading angle * range). For a 200 m swath width, this yields a 10 m resolution 100 m

from the centerline and a 4.2 m resolution at the edge of the image, These resolutions

represent the theoretical resolving power of the sonar. Typically, when side-scan sonar

images are displayed, resolution degrades further [Johnson and Hefi/rry, 1990,

Malinverno el al,, 1990].

The sonar stores the raw 6-bit 64 DN range backscatter data in 884 bins across

track, although this includes data from the water column and beyond the swath width.

Both channels of side-scan data are printed with geometric corrections for slant range and

anamorphic distortion based on speed through the water on a thermal printer aboard the

towing vessel, YP686, In dddition, uncorrected side-scan data can be stkd&J uHi8,ni
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digital tapes for post-processing. The thermal printer displays 800 pixels per channel per

line, thus producing a display resolution of 0.50 m for a 200 m range. The true resolution

will actually be worse than this because of ping "footprint" size. Only 16 grey tones can

be displayed with the thermal printer.

The 8mm digital tape data was converted to DOS format with NOVA tape utility

software, The data can also be copied to 9 track using DEC MicroVax or to DOS format

with Exacopy Software for CRZ Development. The data stored on tape is in raw form,

uncorrected geometrically or radiometrically except for TVG applied within the towfish

circuitry [EG&G Alarine Instruments, 1991],

After collection, the side-scan data was read and processed with a Borland Pascal

[Borland International, 1992] program, SIDESCAN, on a standard 486 MS-DOS

microcomputer with a super VGA monitor and Exabyte tape drive, There are several

advantages to this method. The processing becomes repeatable and very convenient, As

new image processing techniques are developed, digital rectification and mosaicking can

become even faster and more reliable [Paluzzi et al., 1981]. Also, converting the side-

scan data to digital images allows the user to add navigation data, use many image

enhancement techniques, or overlay bathymetric contours [Teleki et al., 19811, With the

SVGA monitor, 1024 pixels may be displayed across the screen. lijust one channel is

displayed, every data point of the original 884 bins can be displayed at least once,

although water column data and data beyond the range limit will normally be discarded,

If both channels are displayed, the resolution is slightly degraded, but not beyond the

typical "footprint" resolution (512 pixels per channel, or an across track resolution of

0.40 m), Also, the pixels are displayed using 04 grey scales, allowing for vastly

improved contrast. This contrast can be improved further with many image enhancement

techniques.

Odom E-chotrac DF3200 depth readings and Magellan Navl~ro 1000 hand-held
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GPS satellite navigation data were used with the side-scan system. The fathometer

readings provided an accurate measure of depth (to 0.1 feet or 0.03 m), and the GPS

provided a measure of position, The GPS, a standard hand-held civilian unit, is subject to

satellite selective availability (intentional degradation by the U, S, military for security

purposes). However, position data may be considered to be accurate to within 100 m

[Odom Hydrographic Systems, 1985; Magellan Systems Corporation, 1990], Position

and depth data for each survey run were stored in microcomputer files. Figure 3 shows

the relationships between the equipment used and the initial processing steps,

2.2. Study Area

The focus of the side-scan study was the mid Chesapeake Bay region near the

mouth of the Severn River, This area was further broken down into five major focus

areas: the mouth of the Severn River, the Tolly Point natural oyster bar, the Thomas

Point natural oyster bar, the middle region of the Chesapeake Bay. and the. axis of the old

Susquehanna riverbed in the eastern third of the Chesapeake Bay. These five main

survey areas are shown, along with the adjacent coastlines, in Figure 4. None of these

areas has ever been the subject of a side-scan study.

At 200 m range, EG&G side-scan data is collected at a rate of 0,36 MB per

minute, At 100 m range, since the sonar is transmitting twice as often, the data collection

rate is 0.72 MB per minute IEG&G Marine Instruments, 1991], Files as large as 72 M11

have been collected. Breaking up the original files into smaller straight segments aids in

decreasing processing time because data can be written to the virtual drive, if the

computer has enough random access memory (RAM), In addition, straight segments are

preferred because data overlap occurs on the inside channel and data gaps on the outside

channel during u sharp turn. Table 2 lists the WG&G data files which have been
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converted to DOS format and split into straight segments.

3. Microcomputer Side-Scan Sonar Image
Processing

3.1. Digital Image Processing

Digital image processing techniques were first developed for optical images in the

early 1960s. The transition to processing acoustic images has been rather slow in

catching up. Digital sonograpli image processing is currently at a point where optical

image processing was 20 years ago. Acoustic images are limited to using shades of grey

to represent return strengths and also lack the resolution of optical images [Johnson and

Helfer4y, 1990].

Two broad fields of image processing have been applied to the side-scan sonar

imagery with SIDESCAN. The first is image rectification, which is the correction of

errors inherent to side-scan data. These include both geometric, or pixel placement, and

radiometric, or pixel strength, errors. The second area is image enhancement. Image

enhancement techniques such as filtering can be used to produce images which arc more

easily interpreted by the human operator [Hall, 1979].

3.2. SIDESCAN Program Overview

Associate Professor P. L. Guth of the United States Naval Academy

Oceanography Department de\ -ped a prototype SIDESCAN program for side-scan data

display. His program included a number of other graphical options, including backscatter

and fish height plotting routines, A subset feature allowed the user to break up large data
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files. Geometric and radiometric errors were not corrected for, limiting the usefulness of

the sonograph display. Basic procedures and capabilities of the original program are

listed in Table 3,

New additions to SIDESCAN are also listed in Table 3. The program can now

display multiple raw images on a screen, invert the images, and display the data in

multiple columns. In addition, all geometric corrections are automatically applied. The

user has an option to apply the radiometric corrections, which slows down the display

speed. The user also now can choose the digital number (DN) of the first bottom value

and the transducr.r used for determining the fish height (previously, an average was used).

A ground registration routine has been implemented, so position coordinates and track

headings can be written to side-scan records. Thus, positions and distances can be

retrieved while displaying data files. While displaying to the screen, fully corrected

images can be copied to a standard raster image file for image enhancement. Also, with

the digital mosaicking routine, several files can be written to a map projection, or existing

mosaics combined. The step by step procedure for the beginning user to rectify and

enhance raw side-scan data is provided in Appendix A. The help files, which explain

SIDESCAN's menu choices, are listed in Appendix B, and a complete listing of the new

SIDESCAN code can be found in Appendix C.

3.3. Image Rectification

3.3.1. Geometric Corrections

To show the results of applying corrections for geometric and radiometric errors.

a single image will be rectified step by step. Figure 5, displayed using the original

SIDESCAN, is an inmage of a buoy and berm in the mouth of the Severn River suffering
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geometric and radiometric errors.

The two most prevalent geometric errors in shallow water side-scan imagery are

those caused by the slant range ana the display aspect ratio. Before these can be

corrected for, however, the towfish height must be corrected and the water ,;olumn data

must be removed.

The distance from the centerline to the first bottom return can be used to find the

towfish height above the bottom. First, a bottom value is selected. This is the digital

number value which is strong enough to qualify as the first bottom reading, and is

carefully chosen through examination of average return strength graphs. On Figure 6,

showing average return strengths from the mid Chesapeake Bay, the average DN near the

centerline is 0, representing the water column returns. The quick increase in DN from 0

to 15 represents the transition from the water column to the bottom. Before displaying a

line of data, the computer counts through each return strength value for the whole row

until a value exceeding the chosen bottom strength constant is reached. The pixel number

is saved. Then, when SIDESCAN displays the data, it starts not from the centerline pixel

number, but the first bottom value pixel number, eliminating the water column and

producing a geometrically correct view of the bottom. The fish height can be computed

using the following equation:

I st bottom return col # * Cwater

Fish Height _

Maximum # columns * 2

Unless changed by the user, SIDESCAN automatically uses the average fish height based

equally on the returns from each traiisducer. The berm and buoy image following water

column removal is shown in Figure 7.

The slant range error (shown in Figure 8) can be solved by means of the distance,



rate, and time relationship, and the Pythagorean theorem, First, the height of the fish

above the bottom is determined. Next, the slant range distance of each data point from 0

to 883 on each channel is computed with the formula Distance = Rate * Time. Rate is the

speed of sound in water (assumed to be 1500 m/s) and time is the one way travel time of

a single pulse in the water (transmit period). The true distance is then calculated by using

the Pythagorean Theorem; the slant range is the longest leg of the triangle and the fish

height is the shortest. SIDESCAN then displays the pixel using the true distance, rather

than the slant distance, from the centerline, This procedure assumes that the sea floor is a

flat horizontal plane surface. While this is hardly ever truly the case, the depth in the

Chesapeake Bay varies only slightly over a few hundred meters of lateral distance,

making the approximation a valid one,

Following slant range correction, the anamorphic correction adjusts the aspect

ratio across and along track. In most cases the along track dimension is compressed, and

must be stretched out by repeating pixel rows, The true distance of each pixel in the

across track dimension has already been computed during the slant range portion of the

program. Based on the vessel's speed, the distance traveled during each pulse can be

found by multiplying the vessel speed by the round trip transmit period. Then, the

number of times to display each row of pixels is computed by dividing the speed interval

(in m) by the across track pixel size (in m/pixel). The computer keeps track of the

number of rows to repeat or skip, depending on the vessel speed. Obviously, if the vessel

travels quickly, the number of' rows to repeat increases. The opposite is true for a slowly

moving vessel. The resultant image contains pixels which represent the same amount of

real distance in the across and along track dimenisions. At the same time, the algorithm

also corrects for small speed deviations. These geometric corrections allow the user to

view the bottom as it would look to someone peering over the side of the vessel I( have,:.

1986, Searle. 1990]. They' can be seen applied to the berm and buoy image in Figure 9.
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A few factors leading to further geometric errors have been neglected due to the

short range and high frequency of the EG&G Model 272-TD. These factors, including

ray bending caused by sound velocity gradients and towfish instabilities, cause major

problems for long range imaging systems such as GLORIA. The small scale nature of

this study reduces these errors so that correction is not warranted [Cobra et al., 1992;

Searle, 1990; Miller et al., 1991].

3.3.2. Radiometric Corrections

As one can see from Figure 10, the average returned energy from the fiMe

containing the berm and buoy (8NOVS1I) clearly drops off with distance despite the

automatic towfish correction (TVG). This backscatter drop off can also be seen in Figure

6. The energy increases rapidly near the towfish when the bottom is first reached and

then gradually decreases until the end of the swath width is reached. Correcting the

across track signal strength inconsistencies are also relatively simple. First, SIDESCAN

reads every record in a chosen file and computes the average digital number for each

across track column, excluding the water returns. These averages are stored for future

use. When the user wishes to display the data in radiometrically corrected mode, the

digital number for each pixel is adjusted to compensate for over or under ensonification.

Digital numbers are a,. -red according to the following empirical formula (using the value

of 32 as a target reference strength because it is half of the possible 64 DN range):

DNold(ij) * 32

DN(i,i) =

DNavg(i)

"Ihc across track variation in pixel shading is removed by dividing the averaged pixel

strength into the actual pixel strength at the same range. ThL equation iorces columns
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with DN averages above 32 (generally those near the centerline) to be scaled down and

columns with DN averages below 32 (generally those at extreme ranges) to be scaled up.

It forces uniformity in the image color across track without blending colors together

[Chavez, 1986; Searle el at., 1990]. The effect this has on the across track average is

shown in Figure 10 and the effect this has on the image is shown in Figwi e 11. Miller el

al. [1991] used the same power drop off correction procedure with a function called

PRDROP. Figure 12 shows the steps by which SIDESCAN corrects all of the side-scan

errors.

3.3.3. Bottom Tracking Problems

In one case, across track distortion resulted due to miscalculation of the fish

height. From the deep channel region, Figure 13 shows patches of shifted pixels

contaminating the sonograph. Both the across track DN average vs. distance from

centerline graph (Figure 14) and the computed fish height graph vs. position in the file

(Figure 15) revealed significant differences between the port and starboard transducers

throughout the entire file. This problem arose during a data run (31 MAR94) over the

deep channel region of the mid Chesapeake Bay. Foi this data, when the starboard

channel was used fbr fish height computations, the curve was extremely scattered, while

when the port channel was used, the fish height plot was very smooth. The fish height

-lot is dependent upon the chosen DN to represent the strength of the bottom (bottom

value) and the individual across track DN values. Thus, fish height is also dependent

upon the performance of the tansducer. Thi nost likely explanation fo,r this aberration is

that the starboard unsducer underwent some frequency variation, while the port

transducer operated at a constant frequency. Figure 16 shows the presence of an

abnormal amount of noise in the starboard transducer water column. A I)N in the water
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column which exceeds the chosen bottom value will produce a very shallow fish height.

To alleviate this problem, which causes errors in the across track pixel shift table creation

because of the abnormal fish heights, the user is permitted to choose which channel, or an

avIerage of both, to use for bottom tracking. In this case, choosing the port channel for

bottom tracking fixed the problem. Figure 17 shows no pixel shifting.

3.4. Ground Registration

Ground registration, or correlating image locations with coordinates, is useful for

several reasons. To the user displaying raw images and mosaics, a ground registered

image allows the true speed of the towfish over ground to be used, eliminating any along

track compression or expansion due to currents. Figure 18 illustrates the speed through

water vs. speed over ground error. One sonograph was displayed using the speed through

water and the other using the speed over ground. A I knot current was pushing the

towfish at the time. Thus, the speed through water, being less than the speed over

ground, is underestimating the bottom area imaged in the along track dimension by 1

knot, producing along track compression. Because towfish speeds are usually 5-6 knots,

a 1 km t current can produce a 20% difference between speed through water and speed

over ground. A ground registered image also allows the user to acquire the location in

universal transverse mercator (UTM) and latitude and longitude coordinates of any pixel

on an image. The Naval applications of this feature are obvious. With this display

software, mines or wreckage could be easily identified and assigned a latitude and

longitude. These coordinates could be quickly disseminated to mine disposal or salvage

units, which would aid in decreasing response times.

Ground registering is perhaps the most important addition to SIDESCAN. Side-

scan data and GPS time and position data from the towing vessel are the only necessary
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components, The side-scan unit has an internal clock, which starts at 0:00 when the unit

is turned on, Assuming a second of side-scan time is the same as a second of GPS time,

once the offset is known, the times can be altered on the side-scan records. Then, by

simultaneously reading the side-scan records and GPS times, matches are found. Once a

match is found, the GPS UTM coordinates and headings are written to blank data blocks

on the side-scan records. The coordinates of any feature to the side of the centerline can

be found by using the heading and simple geometry. The distance offset between the

location of the GPS unit and the location of the towfish (based on towing cable length of

25 m) is also applied. A flow chart (Figure 19) demonstrates how SIDESCAN ground

registers side-scan data.

3.5. Image Enhancement

Once a side-scan sonograph is fully rectified, it may be analyzed using standard

image analysis software, such as that created by Guth [1991]. However, first the side-

scan data must be written to image files, An option in SIDESCAN allows the user to

copy side-scan data to a raster image file, atored by rowvs from the upper left corner of the

image. SIDESCAN creates the image file (.BNI suffix) and an index text file which

contains the dimensions of the image (,IDX suffix). Finally, the coordinates of the

corners of the image are written to a text file (.XY suffix) so the outlines may be plotted.

The outlines of fully corrected side-scan data which has been written to image files are

shown in Figure 20. The image files can 'heri be graphically selected and enhanced using

image processing routines.

Side-scan data. like other remote sensing data, contains a certain amount of both

Giaussian and non-Gaussian speckle noise. Figure 21. an image of the wreckage of a

barge. shows how speckle noise pervades side-scan images. liltcring is an image



28

enhancement technique which alteis the overall texture of an image. Smoothing filters

work by reassigning the pixel digital numbers based on an equally weighted average of

the points around them. The size of the filter determines the amount of smoothing. For

example, a simple 3 x 3 averaging filter averages a 3 x 3 box of nine points and places the

result in the middle of the box. The process continues throughout the entire image. As

the size of the filter increases, so does the number of points which are averaged, and with

it the blurring of the image. Thus, a dilemma exists: the addition of more filtering

removes speckle noise, but it also degrades the resolution of the image. The 3 x 3

averaging filter produced the best results for the side-scan image files. The speckle noise

was lessened considerably without overly degrading the detail of the image. A 3 x 3 filter

applied to Figure 21 results in Figure 22. Although more speckle noise was removed

with the 5 x 5 (Figure 23) and 7 x 7 filters, the negative aspect of the resolution

degradation outweighed the positive aspect of the speckle noise removal. After the

averaging, a contrast stretch was automatically applied to restore the range of grey scales

to the image.

Other filters can be used to modify a side-scan image. Unlike smoothing filters.

median filters merely sort the data points, instead of averaging them. This method helps

to preserve sharp transitions while also removing speckle noise. Edge filters are useful

when applied to areas where anomalous return enhancement is desired, Using an edge

filter on Figure 21 resulted in Figure 24. The anomalous returns from the wreck made it

stand out from the background [Bangham, 1990].

3.6. Digital Mosaicking

The final stage in digital side-scan processing displays side-scan data on a UTM

projection based on the actual ground coordinates of each data point Isee SnYder. 1987.
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for information oil map projections]. While straight passes and turns may not be readily

evident with normal side-scan display software, they are readily apparent when plotted.

Figure 25, a registered and corrected image file of a 1800 turn over the Thomas Point

oyster bar, looks much different when the individual data points are plotted on a

projection (Figure 26). Standard military UTM grid lines, plotted in white, show the

location of the mosaic. Mosaicking, or combining several side-scan data files onto a

single projection, is an extremely powerful and useful technique. It allows the scientist or

tactician to view a large area oftthe sea floor at a single glance. Large scale geologic

features such as submarine ridges or canyons can be easily identified. Naval personnel

will be able not only to identify mines but also to accurately determine their locations or

positions relative to other geographic tfatures. Combining image segments with similar

look angles yields mosaics that show features all with congruent shadow patterns. In

Figure 27, a mosaic with a common look angle from the mid Chesapeake Bay area, large

scour or trawl marks can be Ibllowed over long distances, This mosaic, and all

subsequent mosaics, are displayed rotated 90', with north to the left side of'the page.

Features can be identified even more accurately by comparing mosaics of the same area

and different look angles. The presence or absence of acoustic shadows will delineate the

differences between bathymetry induced backscatter variation or sediment induced

backscatter variation. Most importantly, other registered data sets including bathymetric

data can be overlaid accurately with image processing software I Prior et al., I 979,

('haie: oi al. 1980: l)anf(rith e a!., 1991; (halIt, 19911.

The digital mosaicking process begins by querying the usce about the desired

location of th1e upper Ilit hand corner of the finished mosaic. The computer then sets up a

one meter by one meter grid in I JITM coordinates. The overall grid size is set by a

constant. I)uc to com1puter memory limitations, the square grid is set to a defaUtlt value of

1800 in by 1800 ill. 'The mosaic size could be increased by writing the mosaic t) the hard
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disk instead of to memory, although this would slow the program considerably. Next, the

user selects the channel and specific image to be used for the first component of the

mosaic. By allowing the user to select the channel, look angle specific mosaics can be

created. For users wishing to maximize coverage, both channels may be selected. The

first individual record is then read and the towfish height determined. SIDESCAN then

cycles through the 884 values comprising the desired channel of data. The true distance

of the data point from the centerline is computed, and, based on the heading of the vessel

for that record, the true x and y UTM coordinates are computed. The radiometric

correction is applied to the DN of the data point, and, if the point is located within the

preselected mosaic area, it is plotted on the screen and written to memory. This process

is repeated until the entire side-scan file is read, and then the user is prompted for another

side-scan data file. Once the user is satisfied with the overall composition of the mosaic,

the mosaic values are written to an image file, which can then be analyzed with standard

image display software. The resulting image displays the side-scan data fully corrected

for geometric and radiometric errors and properly fitted to ground coordinates.

The only lirnlation to this technique is the precision of the navigation data. Since

data points must be precisely positioned for data to overlap perfectly, coherent

overlapping mosaics are almost impossible to generate. To account for the position of thc

towfish relative to the GPS receiver, a constant was subtracted, based on ship heading, to

the centerline UTM coordinates. Thus, fluctuations in towfish location are unaccounted

for, This limitation alone would reduce data position accuracy by at least 2-3 m, which

makes mosaicking on a I m by 1 m grid unreliable. Position accuracy can bc assessed by

comparing feature locations on different images. For example, on the 23MAR94 data

run, between Tolly and Thomas Points, a bend in a submarine cable could be clearly

discerned on both the southward and northward passes. The UTM coordinates differed

by less than I m in the x direction but over 30 m in the y direction. Kuuiahara and
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Poeckert [ 1989] encountered similar overlap problems with their Klein side-scan system

and attributed it to "unknown and uncorrectable errors" relating to towfish instability,

Luyendyk et al, [1983], when digitally mosaicking side-scan images from the Anacapa

Passage, also found that, due to imprecise navigation, common features were displaced

more than 150 m on different tracks. To solve this problem, they stressed the need for a

continuous knowledge of towfish dynamics.

SIDESCAN resolves data conflicts by overwriting the mosaic data, The most

recently added data segmeit replaces the older data written. The most feasible solution to

this problem lies with the user. For the most easily readable mosaic, the user should

select data segments which do not overlap and share the same general look angle. Figure

27 is an example of a mosaic constructed using well chosen data files and look angles,

Figure 28 shows outlines of the created mosaics; table 4 lists the basic characteristics of

these mosaics. One final feature of this portion of SIDESCAN allows the user to merge

two or more mosaics from the same area into a single mosaic,

4. Characteristics of the mid Chesapeake Bay

4.1. Bathymetry

Nearly 300 km long and from 8 to 48 km in width, the Chesapeake Bay is the

largest estuary in the I.nited States. The Bay formed during and after the last glaciation,

when melting glacicrs caused a 100 m rise in sea level and a flooding of the Susquehanna

River, 'I he general bathymetry of the bay reflects this process. The final remnant of the

old Susquehanna River is a deep (about 30 m) trough, or thalweg, in Lhe eastern pn tiun

oftthe bay, The bottum rises up ftion th,. thalweg to produce an average water depth of

8 f I( Cuthhertson et a!, 19891.

M M 0 I
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To study the derjndence of the side-scan image upon bottom bathymetry, a

bathyti,.etric digital elevation model (DEM) (Figure 29) was created of the study area

using MICRODEM [Guth, 1991 1. A microcomputer aboard the research vessel logs GPS

positions and Odom fathometer depth toadings whenever the research vessel departs

Annapolis on a scientific mission, To create the DEM, the position and depth files were

merged into one file, To remove erroneous readings, data points were excluded if they

differed from the previous value by 2.5 feet (0.762 m), Strings of anomalous depths were

removed manually; most of these were from a single day's operation, Because the

research vessel did not cover every point of the study area, patches lacking data were

filled in by interpolating between the existing points using a 20 m grid, This process

created a comprehensive illustration of the mid Chesapeake Bay's bathymetry. The

finished DEM can be used to discern bathymetric changes of'0.03 m (0. 1 feet) in

elevation over 20 m in horizontal distance,

The interpolated DEM of the study area revealed that the Bay is shallow (6-9 m of

depth) near the western edge of the area, with the water depth reaching a maximum of

41.6 m near the eastern edge of the study area, The bottom gently drops off from the

west to the east (slope of 0.135', 6,48 mover 2.75 kin). The slope increases to 0.9190, or

13.8 m over 0.86 kin, in the eastern I km of the study area. The bay then slopes up to the

Eastern shore from the deep axial channel (2.060, or 6.04 m over 168 m), producing a

steep trough compared to the rest of the study area, The bathymetry is generally

consistent along the north-south axis, Over the mid Chesapeake Bay region, the north-

south slope is only 0.055', or 4,12 m over 4,295 km, In the area ft'the thalweg, the

north-south slope is 0,171'. or 10.5 m over 3.519 km, Water depth increases to the south,

The results from the bathymetric study are consistent with the fact that the Chesapeake

Bay was formed by the flooding ot the Susquehanna riverbed, which flowed front the

north to the south.
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4.2. Sediment Types

The surficial sediments of the Maryland portion of the Chesapeake Bay can be

divided into three categories, From largest to smallest grain size, they are sand, silt, and

clay. The coarsest type of common sediment, gravel, was excluded from consideration

because the majority of gravel sediments were found as lag deposits, which are not

naturally occurring phenomena. Of all of the sediment samples collected by Kerhin et al,

[1988] in Maryland portions of the Chesapeake Bay, nearly 75% fell into the sand (57%)

and silty clay (17.9%) categories. Only a few samples were classified as purely clay or

silt, Figure 30 is a tertiary diagram of the sediment samples Kerhin et al, collected in the

Maryland portion of the Chesapeake Bay, Sediment sizes tend to increase as one moves

southward towards the mouth of the Bay, Kerhin el al, used a Rapid Sediment Analyzcr

(RSA) and Coulter Counter Model TAII to determine sediment classification,

Generally, sands are located near the shorelines of the Bay, while silty clays

predominate in the center, Sandy sedimentary environments are characterized by high

wave and tidal energy, Conversely, areas of sluggish water movement yield finer grained

sediments. A relationship also exists between water depth and sediment type, with

sediment size increasing in fineness with an increase in depth.

The main sources of Chesapeake Bay sediment are the Susquehanna River and

shoreline erosion, Silty clay, carried by the Susquehanna, is deposited in the maximum

turbidity zone, where the fresh water of the river meets the salt water of the Atlantic

Ocean. Near the area where this side-scan study was done, sandy sediments are formed

by the erosion of Kent Isic.nd Pleistocene sediments. The bathymetry of the main axis of'

the Chesapeake Bay near the Chesapeake Bay Bridge is rather flat due to the extremely

high rate of silty clay accumulation (17.8 mniyr, compared to a rate of 0.7 mm/yr farther

south, neal Annapolis) IKerhin ei al., 19881. D)ue to the large sampling interval (I km by
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1 km grid) Kerhin et al. used in their research, their maps were not used as ground truth

for side-scan interpretation [Ryan, 1953; Kerhln et al., 1988; Cuthbertson, 1989).

The Tolly Point shoal, labeled as N.O.B, (natural oyster bar) 6-.(, by the Maryland

Depailment of Natural Resources, extends from 0.75 miles due east of the Annapolis city

dock down the Severn river to about 1,25 miles east of Tolly Point, Thu bar encompasses

a total of 1850 acres and ranges in depth from less than 1.83 m (6 feet) to over 5,49 m

(18 feet) Just over a mile south of the terminus of the Tolly Point shoal lies a small

(154 acre) natural oyster bar, Thomas Point shoal, designated as N.O.B. 6-15. It is

located a mile east of the coast and 1000 yards north of the Thomas Point lighthouse.

The water depths over the shoal range from just under 3.66 m (12 feet) to over 5.49 m

(18 feet). Figure 31 shows the outlines of the Tolly and Thomas Point natural oyster bars

in the study area [Department of Natural Resources, State of Maryland, 1961].

To validate, or ground-truth, sediment type interpretations, the actual nature of' the

bottom must be discerned, A variety of methods may be employed to determine the

nature of the bottom at any particular point, including: photography, visual inspection

(divers), core sampling, surface grab sampling, or historical data [Menzie et al., 19821

Gardner et al,, 1991].

Over 50 samples of the surface sediments of the Chesapeake Bay bottom were

collected using an orange peel grab. Locations of mud and oysters are plotted in Figure

32. The mud samples were analyzed for composition by weight and size using a GALAI

CIS-l00 particle size analyzer, provided by the Marine Sciences Division of the National

Oceanic and Atmospheric Association. Statistical results from this analysis are given in

Table 5. The statistics were not used because a dispersant was not used on the samples

befbre the analysis. Thus, size data was skewed depending on the amount o" mud

flocculation, or particle clumping. Because different samples may have flocculated more

than others, even general trends cannot reliably be drawn. Also, because oyster shells
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were too large to analyze with the size counter, samples from the oyster bar do not reflect

the true sediment composition. Plotted on a tertiary diagram (Figure 33) and compared to

Kerhin el al's results (Figure 30), the faulty method is obvious, The majority of samples

plotted were silts or sandy silts, instead of the expected sands or silty clays. Ground

truthing based on either mud or oyster samples correlated very closely with side-scan

records, however.

5. Sonograph/Mosaic Interpretations

5.1. Large Scale Bathymetric Features

Bathymetric data is critical in side-scan analysis as a method of distinguishing

returns caused by bathymetry or sediment type. For example, a particularly strong

feature along the edge of a side-scan image could either represent a slope inclined

towards the towfish or the edge of a rocky outcrop, Identification is especially difficult

when shadows cannot be seen. With bathymetric data overlaid on a side-scan image, the

nature of the returns is much easier to interpret. Figure 35 is a northeast look angle

mosaic overlaid with 2 foot contours which shows ,he flatness of the mid Chesapeake

Bay [Searle el al., 1990; Talukdar and Tyce, 1990].

Correlations between the bathymetric data and side-scan imagery are limited by

the accuracy of the DEM. Considering the smoothniess of the Chesapeake Bay bottom in

general, only a few locations have yielded good correlations between elevation changes

and side-scan data.

The first of two such notable areas is the southern edge of the l'olly Point oystLr

bar. I lere. the depth changes from 5.5 m to 9.1 im over 35 m. The maximum slope

associated with this steep drop-off" is 5.970. This slope, extremely steep compared to the
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rest of the bay, is caused by the transition from a built uI ,yster bar formed on rocky

sediment to a flat, muddy plain to the south. The transition can also be easily seen

through the side-scan data as a broad white band (Figure 36). This strong return is caused

by the reflection of the sound energy back to the transducers. Most of the passes through

this region have illuminated the slope in a perpendicular manner. Had the sonar been

towed parallel to the slope instead of perpendicular to it, the slope would have been even

more noticeable. An oblique view, created in MICRODEM, of the oyster bar intruding

from the west is provided in Figure 37. The comparatively steep southern slope is easily

seen.

In comparison, Thomas Point oyster bar, at its steepest point, was 1.55°, or a

depth change of 2.60 m over 96 m. However, data collection was extremely limited due

to depth constraints in the Thomas point region.

The Susquehnmna River thalweg, located in the eastern portion of the DEM, also

could be identified with the side-scan. In this case, the depth changed from 19 m to 33 m

over 861 m (from west to east), producing a gradient of 0,919'. Side-scan data from this

region (Figure 38) shows a series of north-south aligned striations as the depth increases

down to the maximum. At this point, the image becomes dark, signifying a lack of

returning energy, as the sound is absorbed in the deep muddy channel. Then, when the

bottom begins to slope upward once again from the channel eastward to the eastern shore.

the image brightens because of the more direct return of the sound energy. The alignment

of the towfish with the axis of the channel also plays a part in the increased brightness.

This slope is stronger than the western slope down into the channel, being 2.060. or

6.04 m over 168 m. Once again, a MICRODEM oblique view helps in illustrating the

relative slopes (Figure 39).
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5.2. Sediment Types

When plotted as image files, corrected side-scan data files from featureless

regions reveal many differences in return strength, indicating changes in sediment type.

Although bottom samples did not reveal enough variation to classify different types of

mud, the difference between oysters, mud, and sand is readily apparent simply through

observation. Also, a Department of Natural Resources Natural Oyster Bar chart revealed

the extent of some local oyster communities. Based on this information, correlations can

be made with particular image brightnesses within the images.

Figure 40 shows the transition between oysters and mud at the north edge of the

Thomas Point oyster bar, Oysters produce particularly strong reflectances because of the

hardness of the individual oyster shells and the roughness of the oyster bar [Dealteris,

1988]. In comparison, Figure 41, collected by the 1993 YP Oceanography Summer

Cruise in Delaware Bay, reveals an area of distinct sand ripples. The brightness of this

bottom lies between the oysters and mud.

Histograms, plots of the percentage of DNs in a region vs. the DN, reveal the

actual reflectance values associated with the sediment types. The statistics from

histograms from all study regions and sediment are listed in Table 6. A comparison of

mud histograms from all five study areas (Figure 42) reveals that the mean DN varied

from 22.68 in the deep channel to 26.68 in the mid bay. The standard deviations varied

from 3.32 to 5.69. The small standard deviations indicate that the DNs did not vary

much- the mud is not mixed with much sand or oysters. In comparison, mean sand

backscatter values ranged from 30.39 in the north Severn River to 31.51 in the Severn

River mouth. The sand ripple image from the Delaware Bay yielded a mean DN of

30.56. The standard deviations oftthe sandy images exceeded those of the muddy images

by about 2 DN, indicating an increased DN variability. Some mud mixed ini with the
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sand would have produced a greater standard deviation. The sand histograms are plotted

on Figure 43. The Thomas and Tolly Point oyster bors produced the highest refiectance

values (mean DNs of 36.49 for Thomas and 38.44 for Tolly). However, they also

exhibited the greatest standard deviations (5.38 for Thomas and 8.21 for Tolly). This

indicates that mud and sand were mixed in with the oysteis, increasing the range of DNs.

Sediment grabs from Tolly Point oyster bar confirm that oysters are never found free of

mud. The reflectance histogrdm3 for these two regions are shown in Figure 44.

With these values thus delineated, a DN index can be created for side-scan

images. Return strength histograms can be classified quickly as oie of the three pure

sediment types or a mixture of two or more, depending on the number of peaks in the

histogram. The higher the peak, the more predominant te particular sediment type.

Figure 45 illustrates this breakdown. 1 wo histograms are plotted for each sediment type.

The transition from mud to sand occurs at a DN of about 27 and the transition from sand

to oysters occurs at a DN of about 34. Thus, images may be roughly categorized by

plotting the histogram of a region and matching the peaks with characteristic values.

A different way to analyze sediment backscatier data uses MICRODEM to

perform a fast fourier transform (FFT) by row of three characteristic sediment images.

Figure 46 shows the resulting three different power spectra. Clearly, differences can be

discremed between the mud, sand, and oyster images. Shaw and Smith [ 1990] explore this

method and several other statistical methods for analyzing geophysical data,

MICRODEM can alk:o plot semivariograms of side-scan data, showing the spatial

correlation of the data. Figure 47 is a semivariogram of the same three sediment type

images. It shows consistent variations for mud, sand, and oyster bottoms. C'urran [ 1988]

explains semivariograms in more detail.
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5.3. Bedforms and Man Made Features

In addition to sediment types, the EG&G side-scan sonar also clearly revealed a

variety of bottom features. Figure 48 summarizes the bottom features found and shows

their locations in the study area.

The Severn River contained the greatest number of both man made and natural

features. Buoys are easily resolved on sonographs for many reasons: hardness of the

buoy and anchoring chain, wake created by the buoy in the presence of a current, and

shadow zone behind the buoy. Figure I 1 shows buoy G "I 1 ", its anchoring chain, and

the shallow berm it marks. Two channel marker buoys, C "T' and N "6", are shown in

Figure 49. The actual locations of the buoys are denoted by small (1-2 m) white dots.

Dark regions represent areas of shadow or water turbulence. In addition to the buoys,

small (5-7 m diameter) mounds were found in great concentration from the beginning of

the Severn River shipping channei all the way south to the mouth of the Severn (shown at

75 m range in Figure 50 and 200 m range in Figure 51). Strong returns indicate not only

height but also possibly a harder bottom type. Due to the unusual placement of these

mounds in the Severn shipping channel, we suspect these mounds are dumpings from

oystermen or other fishing vessels. A large (10-15 m diameter) mound, and a long (100-

300 in) ridge were also discovered in the Severn River (Figure 51). Acoustic shadows

denote feature heights of at least I m.

In between the Tolly and Thomas Point oyster bars, two submarine cables were

revealed. An overview of the area immediately south of the Tolly Point oyster bar

(Figure 52) shows two long cables; the first begins in the northwest and proceeds due

southwaird, while the eastern cable angles toward the southwest. Figure 53 is a more

detailed image of the crossing point of the two cables. A bend in the eastern cable

indicates a possiblro break or rupture in the cable.
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The mid Chesapeake Bay bottom is marked by a plethora of pock marks. Long,

curving returns with no acoustic shadows also dominated this region. These long (100-

200 m) features seen in Figure 54 may be furrows caused by bottom trawlers or dredgers,

The lack of acoustic shadows and flatness of the DEM in this region signify the absence

of notable bedforms.

Perhaps the most interesting feature discovered in the bay is the wreckage of a

barge in the eastern portion of the bay near the axis of the deep channel. Sunk in about

15-18 m (50-60 feet) of water, it, along with its marking buoy, "WR87", can easily be

discerned in Figure 55. Dark shadow returns denote significant height of the sunken

barge. This image illustrates the practical applications of using SIDESCAN. The mosaic

of the area shows the locations of the barge and buoy and their relative positions. Had

this been a recently sunken ship or submarine, salvage crews could now be dispatched to

a precise location. Figure 56 is a detailed image of the barge, showing the high resolution

of the sonar. Two of three rectangular hatches can easily be observed.

5.4. Surface Influence

The final type of feature the EG&G Model 260-TH system can resolve are

interferences at the surface. On a particularly windy day (1NOV93), bottom features

from the Severn River channel were partially obscured by wave interference (Figure 57).

Sonar pings striking the surface are normally specularly reflected away from the

transducers. However, as Figure 57 shows, high waves ran produce strong returns

because of the direct bounce from the wave back to the transducer.

The mixing of air bubbles in the water column also results in a high backscatter

energy. This happens often in the Chesapeake Bay as a result of passing speed boats.

Wakes can be seen crossing side-scan images several minutes after the boat has passed.
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The best example of this is Figure 58. On the port channel of Figure 58 is the wake

produced by the YP. The YP had just completed a nearly 1800 100 m radius turn when

the previous track line wake became visible.

Phese two examples prove that the side-scan files may not simply be pictures of

the bottom. Waves and wake are only two of the things that can affect side-scan returns,

The operator must remain alert to environmental conditions when collecting data so that

some anomalies can be identified immediately.

6. Conclusions

6.1. Results

Using a microcomputer to post-process digital side-scan sonar images offers many

advantages. SIDESCAN automatically corrects the various side-scan imaging errors and

allows the user to display the raw data in a variety of configurations. SIDESCAN also

allows the user to merge EG&G side-scan data with GPS position data to produce ground

registered images. These images, when copied to standard image files, can be analyzed

for sediment type or bottom features using many different techniques, including digital

elevation contour overlay, fast fourier transform, or semivariogram [Guth, 1991].

SIDESCAN allows users to quickly and easily manipulate side-scan data.

A wealth of side-scan data was collected in the Severn River and mid Chesapeake

Bay using the EG&G Model 260-TH side-scan sonar system in the 100 kHz mode. No

documented side-scan studies have ever been done of these areas. Interpretation of the

data using SIDESCAN yielded a great deal of information regarding the nature of the

Chesapeake Bay floor. Three sediment types, mud, sand, and oysters, were identified.

They could be discriminated through image inspection, histogram reflectances, and FFT
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or semivariogram of the power spectrum. The sonar also resolved a variety of bottom

features, including mounds and ridges in the Severn River, sand ripples in the Delaware

Bay, and submarine cables, a wreck, and trawl marks in the mid Chesapeake Bay.

The only major disadvantage to using SIDESCAN for image analysis is the lack

of a real time capability. Danforth et al. [ 1991] have developed similar correction and

digital mosaicking routines which operate in real time. Hampshire [1989], also operating

in real time, improved quantitative geological interpretations through combination of

side-scan imagery and suw bottom profiler data. The resulting system reduced much of

the subjective analysis of side-scan imagery. By feeding the side-scan output data

directly into a microcomputer onboard the survey vessel, and with modifications to the

program, data could be displayed on a UTM projection as it was collected. Implementing

these changes would require directly accessing the digital tape drive's SCSI interface,

necessitating that most of the testing of the program be done aboard the YP.

6.2. Future Research

A future enhancement to SIDESCAN might be the ability to digitally classify

sediment types automatically in the side-scan images. The Chesapeake Bay region would

present many natural challenges to this method. Firstly, regions of moderate bathymetric

changes would have to be taken into account. This includes not only the Tolly Point and

deep channel regions, but also anywhere the side-scan data was affected by the

bathymetry, such as by the mounds or ridges in the shipping channel region.

Alexandrou and Pantzartzis [ 1990] used neural nets to digitally classify scafloor

"provinces." Different bottom types possess unique acoustic signatures. Their method.

tested only through computer simulations. uses pattern recognition to classify the

sediment in question, Using a slightly different approach, Mitchell and Somers i19891
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extracted backscatter strength values from the sonar transducer voltages with an acoustic

propagation model. Quantitative comparisons were then made based on the similarity of

the side-scan data to historical backscatter data. Pace and Gao[ 1988] accurately

identified seabed types 97% of the time using a computerized discrimination system also

based on statistical comparisons. Tamsett [1993] also characterized and classified seabed

data using a power spectra analysis method similar to that used by Pace and Gao. His

process, however, was very slow. Using SeaMARC II side-scan data, Reed and Htussong

[1989] developed computer software which quickly classifies textural data. Raw side-

scan images are transformed into image maps showing sediment texture based on gray-

level co-occurrence matrices (GLCM). Their technique not only allows for qualitative

and quantitative analysis, but also the ability to distinguish between features with similar

image DNs but different lithologies. The limitation of this technique is their flat bottom

assumption.

Considering the present scarcity of side-scan data, opportunities to image

unexplored ocean floors abound. High resolution side-scan sonars, coupled with useful

post-processing computer routines, allow researchers to gain insights into the geologic

and bathymetric character of coastal regions such as the Chesapeake Bay. The recent

push to explore the 200 nm exclusive economic zone (EEZ) surrounding the United

States is just one example of how our reed for more complete knowledge of coastal

seatloors is increasing. Perhaps if researchers continue to probe the bottom of' the oceans,

someday this last of our earth's frontiers will be finally surmounted.
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Table 1. Model 272-'1D towfish specifications [EG&G, Marine Instruments, 1990].

STANDARD RESOLUTION HIGH RESOLUTION
MODEL 272-TD W WFIS 10 C .kHz! ("500 kHz"

ELECTRO-ACOUSTIC
Operating frequencies: 105 +/- 10 kHz 390 +/- 20 kHz
Pulse length: 0.1 msec 0.01 msec
Swath width: 25 m to 600 m 25 m to 600 m

Acoustic output: 228 dB ref I pPa at I m 228 dB ref I ,Pa at I m

Horizontal beam width: 1.20 (3 dB point,) 0.50
Vertical beam width: 500, tilted down 200 500, tilted dowri 200

TVG range: 60 di3 to 220 ms 19 dB to 75 n.s

MECHANICAL
Maximum depth: 600 m (2000 ft)
Weight (out of water): 25 kg (55 Ib)
Dimensions:5,38 140 cm long x 0,41 cm diameter x 61 cm diameter tail (55 in, x 4,5 in, x 24 in,)
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Table 2. Summary of raw EG&G data fies collected.
Fil ;narn S ilnLtql li zamk SgIb

_ (M• • • "

INOVS1 4,500 Severn R, mouth 140 too
8NOVSI 4,496 Severn R, mouth 140 100
8NOVS2 4,500 Severn R, mouth 140 100
8NOVS3 4,500 Severn R, mouth 140 100
8NOVS4 2,700 Severn R, mouth 145 100
SNOVS5 2,700 Severn R. mouth 165 100
8NOVSOYO 4.500 N, Tolly Point 180 100
8NOVSOYI 3,600 mid Tolly Point 200 100
8NOVSOY2 3,240 8, Totly Point 200 100
8NOVNI 3,060 south of Tolly 320 100
8NOVNOYI 3,600 S. Tolly Point 015 100
8NOVNOY2 2,160 mid Telly Point 015 300
8NOVNOY3 3,240 mid Tolly Point 345 100
8NOVNOY4 3,240 N, Tolly Point 335 100
8NOVN2 4,500 Severn R, mouth 330 100
8NOVN3 4,500 Severn R, mouth 330 100
I1OCTNI 3,058 mid Bay 040 200
18OCTN2 3,448 mid Bay 040 200
IlOC'T'N3 4,109 mid Bay 040 200
I8OCTN4 3,929 mid Bay 040 200
18OCTS1 2,705 mid Bay 220 200
I IocTs2 2,568 mid Bay 220 200
1 8OCTS3 2,098 mid Bay 220 200
18OCTS4 2,340 mid Bay 220 200
25OCTE 1 3,591 mid Bay 130 200
25OCTF2 4.446 mid Bay 130 200
25OCTE3 3,729 mid Bay 130 200
25OCTW1 4,181 mid Bay 330 200
25OCTW2 4,273 mid Bay 330 200
25OCTW3 4,235 mid Bay 330 200
7FI1-1"1 1.800 E, Bay 270 200
71113S 1 4.887 E. Bay 180 200
23MARSOY 4,680 1oily Point 140 200
23MARS 4,500 south of Tolly 180 200
23MARTII 2,880 Thomas Point 180/000 200
23MARNI 3.960 south of'Toily 00 200
23MARNOY 3,600 T'olly Point 015 200
23MARN2 3.240 Severn R. mouth 330 200
31 MARE 1,80(( E, Bay 270 200
3 1MARW I 2,520 F,. Bay 090 200
31 MA RW 1.800 ( .1'. Bay 090 200
SO JM93SAN 2,340 Delaware Hay 1?? 150
WREIC'K 864 E. Bay ?7?'? 100
MOUI.JNI)S 864 Severn R, mouth ?,.1., 075
Mot INlS2 864 Severn R, mouth 77: 075
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Table 3. Features of program SIDESCAN.
SIDESCAN code written by Guth

Display of DOS EG&G data file
0 User selects rows/columns to skip to adjust aspect ratio
* Water column removal
Create subsets of large side-scan files
Copy portion of uncorrected image to image file
Plotting options
* Distribution of backscatter returns with distance
a Backscattcr retunss versus distance for individual records
• Fish height as a function of position in record
lmrege processing (MICRODEM)
* Digital elevation model creation and analysis
* Bathymetric contour overlay
* Statistical options

Sdewritte n bync

Display single or multiple EG&G files on single screen
9 Can display in multiple columns or inverted
* Data automatically corrected for slant range, anamorphic, and speed variation distortions
* Option to apply radiometric corrections
0 Copy corrected side.scan data to registered raster image file
Other options
"* Ground register EG&O tiles
"* Create mosaics of data files or merge existing mosaics
"• Moditý bottomvalut or change transducer used for bottom tracking du ing data display.

Table 4. Fully corrected and ground registered side-scan mosaics.
e Lknanisc3 .g•krLIr&M Lip r left UTM coordinates L•kdimctagn

NCltANNEL Severn R mouth 372,500 4,315,500 Ail
ICItN[, Severn R, mouth 373,300 4.314.500 E
WCIINL Sevem R. mouth 373,300 4.314,500 W
NI,1(•OK mid Bay 376,800 4,312,000 NE
NWIOOK mid Bay 376,800 4,312,000 NW
SEIOOK mid Bay 376,800 4,312,000 SE
SWLOOK mid Bay 376.800 4.312,000 SW
NTOLL,,YEI N. Tolly Point 374,800 4.312,700 .
NTOLLYE2 N. Tolly Point 374,800 4,312,700 E
NTOLIYWI N, Tolly Point 374,800 4,312,700 W
NTOLIIW2 N. Tolly Point 374,800 4,312,700 W
S'1OII1Y I 1. Folly Point 375,000 4,310,900 All
STl'O1,LY2 S. Folly Point 375,000 4,310,900 All
TI IOMASE Thomas Poilt 374,800 4,309.100
TI IOMASW Thomas l'oitt 374,800 4,309,100 W
WRFCKN F. Bay 378,400 4,311,400 N
WRIRCKS E, .1ay 378,400 4.311.400 S
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Table 5. Sediment sample statistics.
hnititu LL,4" #an N=i~ a~ n Stdi De

38.9556 -'76.4441 1 19APR93G 42.56 56.83 0.61 4,07 0.73
38,9503 -76,4380 2 29APR93A 00.00 92,39 7.61 5.73 1.60
38,9503 -76,4367 3 19APR93F 42.49 55.63 1.88 4.26 0.92
38.9478 -76,4342 4 29APR93B 45.15 50.88 3,97 4.81 1,70
38,948,1 -76.4331 5 A 42,71 54.38 291 4.42 1.11
38,9460 -7b.4318 6 29APR93C 00.96 93,10 5.94 5,63 L,50
38,9452 -76,4316 7 19APR93E 58,84 40,80 0.36 3.82 0.85
38,9415 -76,4327 8 15APR93C 45.47 50.35 4,18 4,89 1,43
38,9433 -76,4283 9 29APR93D 55.89 43,14 0.97 3.82 0.86
38,9515 -76,4173 10 INOV931 32,06 47.15 0,79 3,91 0.73
38.9470 -76.4222 11 B 35,81 59.93 4.25 3,90 0.34
38,9435 -76,4218 12 INOV93D 36.91 60,92 2.17 4,36 1,09
38.9397 -76,4293 13 29APR93E 00.00 86.05 13,95 6.03 1,72
38,9395 -76,4232 14 INOV93C 47,96 50,91 1.13 2.27 0,26
38,9374 -76,4286 15 19APR93C 00.00 b8.52 31,48 7.90 0.76
38,9357 -76,4282 16 29APR93Q 00,00 76,44 23,56 5.71 1.59
38,9341 -76.4304 17 I9APR93B 00,00 73,90 26,10 6,45 -0,71
38,9342 -76.4285 18 29APR93P 00,00 92,00 8.00 5.25 1.72
38,9327 -76,4287 19 29APR930 48.02 50.77 1.21 4,05 0.96
38.9312 -76.4313 20 29APR93H 68,32 31,57 0.12 3,69 0,72
38,9305 -76.4315 21 ISAPR93A 30,13 63,47 6.41 5.23 1.96
38,9303 -76.4297 22 29APR93N 68.73 31.07 0.19 3,71 0.70
38.9283 -76,4305 23 12APR93A 20,29 77,46 2.24 3,69 0,71
38,9272 -76.4330 24 29APR931 39.45 58.52 2,03 4,00 0,74
38.9268 -16.4321 25 19APR93A 56,72 43.06 0,22 3,67 0.40
38,9263 -76,4315 26 29APR93L 00,00 93,46 6.54 4,33 1.05
38,9247 -76.4335 27 29APR93J 00,00 70.24 29.76 6.84 0.50
38.9243 -76,4317 28 29APR93K 48.09 4898 2,93 2.24 0.26
38.9225 -76,4302 29 12APR93C 65.65 33.62 0.73 3.66 0,78
38.9200 -76.4310 30 12APR93B 44,20 51,98 3.82 4.79 1.66
38,9451 -76.4101 31 C 61.21 36.05 2,74 .193 1.05
38.9446 -76,4041 32 D 00,00 90.83 9,17 5,24 1,72
38.9442 -76.4025 33 INOV9311 00.0 72.43 27.57 4,03 0,91
38.9387 -76,3935 34 1NOV930 63.26 35.85 0.88 3,74 0,89
38.9390 -76.4093 35 INOV93E 51,62 47.05 1,33 4.26 0,99
38.9335 -76.3993 36 INOV93F 42,33 53.85 3,82 4.65 1.49
38,9288 -76.4113 37 INOV93B 45.30 53.59 II.I 3.60 0.77
38.9212 -76.4010 38 INOV93A 27.11 66.85 6,04 4,42 082
38.9258 -76.4251 39 5OCT93A 00.00 83.37 16.63 3.89 0,34
38.9246 -76.4239 40 5ocTr93B 10.92 79.85 9.23 5.33 2.04
38.9235 -76,4220 41 5OCT93C 23.80 70.57 5.63 5,43 1.86
38,9225 -76.4206 42 5OCT93D 00,00 90,74 9,26 2.22 0 27
38.9224 -76.4198 43 5OCT93E 56.39 41,86 1.75 3.65 0.78
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Table 6. Side-scan image histogram statistics.

SL dmnt SurceReon Mean SML dDS N)

Mud Sevenm R, mouth 24.13 4.47
Mud Tolly Point 25,17 3.32
Mud Thomas Point 25.55 3,27
Mud Mid Bay 26.68 5.69
Mud Deep channel 22,68 4.22

Sand Delaware Bay 30.56 4.40
Sand N. Severn R, 30.39 7.74
Sand S,Severn R, 31,51 6.11

Oysters Tolly Point 38.44 8.21
Oysters Thomas Point 36.49 5,38
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Figure 1. Side-scan sonar data collection.
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Model 272-TD towfish Maaellan NAVPRO 1000 Odom EchoTrac

T. GPS Echosounder

Model 260-TH side-s,. an
console

SRaw side-scan data stored

on 8m digital tape MiOnboard

I C Microcompu~ter

NOVA con'ersion
software

DOSfie f aw id-sanPost-processing: 46M-ODO fleofra sdescnMicrocompue

Figure 3. Relationships of hardware used.
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35,

Near range power amplification

25........................I.......... .............. ...... I...................

2 5• 0 .° .. .................. ...... ... ..... ... °.......... ....... .. .......° °.,° . °° .. ....... °.°.o............

z Far range power drop off

SFirstbotmvle

/ Water column returns

0 100 200 300 400 500 600 700 300 900
Acrooo track location (bin)

U Port * Starboard

Figure 6. Average return strength vs. distance for a typical side-scan file from the mid
Chesapeake Bay region.



T. 7i

iigL~~~~~~~~~~~~r(~~~~ '7 ~ri n u\(I' 'i1ic~iLi\8c luntfh\



57
TOW FISH RS

HT • •

F I

I I

Rx -rR2M-u 1

Figure 8. Slant range pixel placement error [EG&G Marine Instruments, 1991],



4e
7ýt

Pi oper aci (v%,,-l i tick

plocrincill

if. 
ire tv t mV

ty,

New irmilte powei amplifical ion

Ak

1:111 Age llo%%cr 411op (111'



59

35-

:3 0 " ''...i.. ......... 6.............................. .. . ....................................................................
2 - . ...." .'. *. -............... * ...... . . ....... .... I~ .... I -.......

z
S0-

. ......... ........................... I.. ...... ........ I. ..... ......... ...

Before radiomnetir corrections

0 *m
0 10o 260 360 460 560 o66 70 86o 9600

Acrooo track location (bin)

0 Port * Starboard * Port Starboar 7
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and buoy G "11" image) before and after radiometric corrections.
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Figure 15. Calculated fish height based upon port, starboard, and average of both
transducers.
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Figure 19. Ground registration in SIDESCAN,
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Figure 25. Sonograph of a 180 degrec turn over the Thomas Point oyster bar shows the
limitations of a traditional display, where turns, course deviations, and data overlap are

not apparent.
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Figure 29. Digital elevation model (DEM) of study area.
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Figure 42. Mud reflectance histograms from all five study areas.
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Appendices

A. Using SIDESCAN
SIDESCAN allows the user to manipulate side-scan data so that the most useful images are produced. The

following steps allow the user to take full advantage of SIDESCAN's capabilities.

1, Datn collection
* Write side-scan data to to 8mm digital tape while collecting
* Write CPS position and EchoTrac depth soundings to microcomputer file
* Several times during the trip, note the exact time difference between the EG&G time counter and the GPS
* Although it is not essential, try to record the EG&G times when the survey vessel was turning

2, Image rectification
* Use the NOVA conversion software to convert 8mm data to a DOS file
SCopy the ,-IYD file from the data run to the hard drive
* Enter SIDESCAN and select 'Create subset'
* Select a beginning record number and number of records to copy: limit this to no more than 2500 and try to

exclude turns (based on EG&G times)
* Select 'Ground register' from the main SIDESCAN menu
* Enter the time offset
* Select the HYD file from the data collection day
* Choose a name for the output file
* Wait; computer will process file

Create registered image files
Single sonograph
0 Select 'One sonograph'
* Pick the corrected sonograph file
0 Choose 'Customize'
a Choose 'Copy to image file' and 'Radiometric corrections'
a 'Xit' from the customize menu and choose 'Both'
* Wait for image to display
* Select 'Rcsume' and 'N' to display again
* Select 'Image processing options'
Mosaic
. Select 'Make single mosaic'
* Select upper left corner in UTM coordinates
* Select channel and side-scan files to display/write to mosaic

4. Image enhancement:
* From main menu. select 'image processing options'
* Select the MIDBAY DEM
* Graphically select or choose file name of image
* Select statistical options to suit user, including FFT, semivariogram, or bathymetric contour overlay

The followitig files are necessary to use all of the functions in SIDESCAN:

* StDE).'ANEXE; the program
* R I'M•.4.X F protected mode interface (from Borland International)
* RrMRFS.EXE., protected mode interface (from Borland Internationol)
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* DPMIMEM.DLL; protected mode interface (from Borland International)
* DPMI 16BI.OVL; protected mode interface (from Borland International)
* DPMIINST.EXE; protected mode interface (from Borland International)
* DPMILOAD.EXE; protected mode interface (from Borland Internatlional)
0 SVGA256,BGI; graphics interface for SVGA mode
0 EGAVGA,BGI; graphics Interface for VGA mode
a BGI256.BGI; graphics Interface for SVGA mode
• OPSAREAPRJ, UTM map projection
a OPSAREAVGP; screen map
* MIDBAYDEMK digital elevation model
* MIDBAYHDR: DEM header with size and map projection information
6 *.EGG data files
0 *,HYD, hydrographic files
6 *,MIC; sediment sample ASCII data flies
6 *,FIL, filters
0 *,HLP; help files
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B. SIDESCAN Help Files
These are the text files which accompany almost every menu in SIDESCAN, They can be displayed by

typing 'Fl' while in SIDESCAN,

Main Menu

DISPLAY:
One sonograph- displays one geemetrically corrected sonograph according to the user's specifications.

Multiple sonographs - displays two or three corrected sonographs side by side.

Altitude distribution - displays the average fish height off the bottom, bused on the first bottom return. as a function of
distance from the fish,

Digital mosaic . allows user to merge fWlly corrected side-scan data files onto a single projection, displaying each data
point at its actual ground location. Also allows user to combine previously created mosaics.

Frequency distribution - displays the average return strength (of a selected record) of the sonar versus distance from

the nadir of the towflsh,

Profile across track - allows user tri display return strengths from single side-scan records,

OIPIONSi
Create EGG subset - allows user to create a smaller EG&G side-scan file from a large original, Useful when used in

conjunction with the 'Ground register' feature,

Ground register - merges an unprouessed EG&G file with an ,HYD file from the same date, The ,HYD file is filtered
and headings and IJTM coordinates for the centerline of the EG&G file written to the EG&G ditta blocks, Make
sure that there is enough virtual disk space to compensate for the size of the EG&C file - it will be temporarily
written there.

Hydrographic options - calls the 'GPS survey' procedure, which allows one to plot OPS data tiles and manipulate
projections.

Image processing options - calls the 'Satellite Image' procedure from MICRODEM. This is useful in displaying
processed full-length image files on a single screen and merging them with digital bathymetric data of the
operating area, Statistical operations can also be performed here.

Sediment analysis - calls thc 'sieve' procedure, It is used for the analysis of the CIALAI CIS-(100 particle siv.e analysis
data. It allows the user to graphically pick the bottom grab station, and will plot the sample on both a tcrtiary
diagram and cumulative weight % versus grain size in mm plot.

Sonograph Display

IA LL DISPLAYED:
Port - displays only the port channel of the sonograph at the desired settings. Recommended for better detail ol the

port channel,

Starboard - displays only the starboard channel of the sonograph at the desired settings, Recommended for higher
detail of th: starboard channel.

Both - displays both the port and starboard channels of a given sonograph at the desired settings, Recommended for
standard viewing
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DISPLAY REERENCES:
Express - automatically sets the options permitting the fastest possible viewing speed.

Customize- allows user to modify the display options to suit his/her viewing needs.

Abort. aborts the display function and returns user to the main menu.

Customize Options

MODIFY PREFERENCES:
Bottom tracking, channel - the port, starboard, or an average of both channels may be used to determine the height of

the towfish above the bottom, First time users should use the Altitude Distribution function to determine which
channel produces the most consistent fish height,

Copy to Image file- while displaying the data to the screen, the program also copies the data to a file which can be
analyzed using standard Image processing software (gee main menu - Image processing options), It also writes
.IDX and ,XY flies, containing tile indexing information and UTM coordinates of the four comers of the Image.
respectively,

Display status bar - turns on or off the status bar, which contains the following information: file name, time, record
number, speed, range, frequen;y, and heading.

Edit bottomvalue, x - allows the user to specify the value which the computer assumes to be the value of the first
bottom return. For deep water, the bottomvalue should be decreased because of the increased attenuation, The
opposite is true ofespecially shallow runs. User is encouraged to use the Frequency Distribution or Altitude
Distribution functions to determine what value produces the most accurate fish height.

Invert - scrolls the Image down from the top of the screen, instead of vice versa, This is useful when combined with
the Multiple sonographs display choice and two Images which arc parallel and adjacent, Invertirg one of the
images allows the Images to be compared with similar geometric orientation.

Number of columns to display, x . specifies the number of columns to subdivide the screen into when displaying,
Useful when a user wants to examine a large image on one screen.

Radiometric corrections - at the sacrifice of display speed, thiq algorithm averages the columns for the entire record
and applies a radiometric averaging function which alleviates the far range power drop oft',

Targct color - switches the colors associated with strong and weak returns.

Walt when screen full - when selected, the program will wait until a key is pressed before clearing the screen and
scrolling more data, When unselected, the program continuously scrolls the data.

Xit - exits the menu and returns to the CHANNEL DISPLAYED menu.

Sonograph Display (while displaying)

[MAJL-OPI'iIONS
Resume - resumes display of the data from where the prograrn lefl off', Also, this should be chosen after displaying a

iccord while Copying to image tile, ir this option is selected a& a preference.

Image - user can restore, save, or modify a displayed image in a variety of formats.

Clet position- using the mouse, the user can get the 1J'"M coordinate: and latitude/longitude ol'any selected point on
the record. Note that the record MUST 131- ground registered (see main menu) for this to work. An eLasy way to
tell ii' the image IS ground registered is to observe the heading Uncorrected images will display a constant
heading oe' ).
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Measuie distance - similar to the Get position function, except two points must be selected. The distance betweom the

two points will be computed.

DISPLAY PREFERENCES:
Express - automatically sets the options perraitting the fastest possible viewing speed.

Customize - allows user to modify the display options to suit his/hei' viewing needs,

Abort- terminates the display, The user will have the option to display the same image or return to the main menu,

Customize Options (while displaying)

MWDIFY PREFERENCES:
Bottom tracking, channel -the port, starboard, or an average of both channels may be used to determine the height of

the towfish above the bottom, First time users should use the Altitude Distribution function to determine which
channel produces the most consistent flsh height,

Display status bar - turns on or off the status bar, which contains the following Information: file name, tine. record
number, speed, range, fl-equency, and heading.

Edit boltomvalue, x . allows the user to specitf the value which the computer assumes to be the value of the first
bottom return, For deep water, the bottomvalue should be decreased because of the increased attenuation, The
opposite is true of especially shallow runs, User is encouraged to use the Frequency Distribution or Altitude
Distribution functions to determine what constatt produces the most consistent fish height,

LUT recalculations skipped - for the fartes, possible viewlnir, this feature aborts the recalculation of lookup tables for
slant range correction If the fish height deviates beyond a certain value (essentially, If this is selected, the same
LUT is used for the whole image, irregardless of fish height),

Radiometric corrections - this algorithm averages the columns and writes them to a CTA text file (or reads the values
from the CTA file, if it exists) for the entire record, Then, at the sacrifice of display speed, the program applies a
radiometric overaging function to each pixel which alleviates the far ruxnge power drop off.

Target color, switches the. colors associated with strong and weak returns,

Wait when screen full - when selected, the program will wait until a key is pressed before clearing the screen and
scrolling more data, When unselecled, the program continuously scrolls the data.

Xit - exits the menu and returns to the IMAGE. OPTIONS menu.

Digital mosaic options

Q1IONS;
Make single mosaic- user may write port, starboard, or both channels of selected side-scan data flies onto a projection.

User must select the x and y utm coordinates or the tipper left hand corner of the mosaic box, The data is
displayed in their real ground locations, and digital numbers of' data are radiometrically corrected,

Combine existing mosaics - mosaics with the same upper left corner values created with the previous function may he
csnibined into a single comprehensive image,
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C. SIDESCAN Borland Pascal Code

($F+.O+)

unit SIDESCAN,

($Dcfinne WriteOutPut)

Interface

Procedure Sidl:ScanOps;

implementation

uses
PE1DfPTArTvrPTrpET~iisrkapolv~n (Pror, Guth's units)
DrawMaKInDEMEROS,DOEM ERQS2, (Prof. Guth's units)
Graph,CRT,DOS, (Borland Inte rnational units)

type
StdRec-Type - array[O., 17991 of byte,,
U~eScanDefaultType - record

DataPath : PathStr:
and,
ProjectlonProcedure -procedure(Lat.Long,Elev float,

SizcCoior: Integer, Sym :DrawingSymbol);
PositionType -record

'rimeStr :stringi2:,
Lat,Long: float;

end,
iiydroSurveyPositionType -record

Position Positionrype;
Depth integer;

end,

var
SidcScant~efauits: SideScantwofuit'rype;
IDefaultsFile :file or Sidc:ScanDcfaultTypc;
DatarileCo0utFiko: file of'StdRecl'ype,
ImagelFile: filc;
Junkrilc.IndcxFiieXYFi le. Rod Ul le :texct;
StdRec: StdRecType;
ColorTable :ColorfablcType;
Freq :array[O.,2551 or Longint,
Avgllrt,AvgStd :arraylO..8831 of float,
CoiorIlytes arraylfl.25.11 of byte
OutVul arrayjO..MaxScrcnXMaxj of byte;
Screeni.1JT arraylo..MaxScreenXMuadI or integei;
N ormalCo lor, Wail Atllottom,G PSI~epthMode,LU selro~Ject. Done, I v vert.Rcpeatkaw.Copy Image,.1:i Icopcn.
Starboard :boolean
ch.PortCh.,DistpCh.IiottonmChanneI char
Sym :DrawingSymbol;
Dir : irStr;
Name :NarneStr;
Ext ,FxtSlr:



IlixelDist,SpeedlntcrvalRenuiainder, Sum Remain der,TrueDist,Slant Dist, SlantTime.Lat. Long,
Spced.HeadIn gRw igc, Dist~rrmc~cnt~r ishHt I ,FishHt2, Fishlieight.OldHt i,O1d Ht2.Dev risAHeight :float;
Num~iruys.Oftset. Max,Factor,Co ISkip, ij,x,y,couIntcr,N umPixeisShow. YSP cerSpeedY Spacer,
TopaX''m~pIcpMtXIcpMp.umoi~ce.u~r~cetnotSattr
TrnmtcidSres~nosieyic(osocXclcinBgnaieClrDpl~mt
RecX Max, LUTInc.OncOrBoth,BotVaI : integer,
FreqU sod, StartRecord,OnRcCard.RcsumCMarker,NumRcc.N umRccs.RowCoufltcrZcroXOrfcte
ZeioYOff'sct :Longint;,
14urIzCyi~cCutsVcrtCyceCCuts : CycicCuffype;
F'NameDataSubDir.DatitPath,CFiIlflamC: pathstr;
ProjectProu ProJectionProcedure;
xw,yw,YDcsircd,XDcsircd :word;
xutm,yutm,Finiakutm.Final> utumFinal~xutm.Final2yutmCentxutm,Centyutm.PoifltDi~t: shortfloat
TimeString: strlnj;8;

procedure IJTMIntitalize;

var
Pro~l~IName :string:

begin
Proj PileName: 8~ SIdeScunt~efau Its. Datapath + 'opsarca~prj';
If PrujrileName - "then exit else ReadProjection(ProjfiloName);
it' Projection, Pname -- UTMEilipsoidal then

Mossage'roContinueXY(1,1 l,'Not UITM prqjection: problems likely.'),
end;

($1 sidc-hyd~pa) (Prol. Guth'.- hydrographic survey routine)

procedure Analyzelkecord:

var
I:integer,

begin
for I := 0 to 17 do dcc( StdRcjil, I28):

'rimeString := Integcr1'oString(StdRccP31.2)4 4

Intcgcr'IoString(StdRccjZ 1.2) +
Intcger~oString(StdRccjl j.2):

for i := 2 to 8 do if TimcStringlil = "'then TimeStringli :1='0%
Speed -SLdRcL'I 121 10j( + StdReccII II ] 0. 1
Range := StdRecl 171 100~t + StdRccj 161:
1 eading := StdReccjl41 * 1001 + NtdRccjl3I;ý
case roundl Range) of'

25,50: TransmitPeriod :=75:
75 -Transmitileriod :=11 3:
100:1 Iransmitl'eriod 1WO
1 5(: 'ransniil'eriod :=225:

200: Transmitileriod 3' 300:
300 : Transmittleriod :~4W0
400: Transmnitl~criod :~600;
6000 Iranstniitleriod :=900

end;
Muve(StdRecl 191.xutm,4);
Move( Stdkee[23 J,yotni,4):
if (StdRecl 1.51 ,uid 64I 64) ilien I~reqtlscd :=500 else Frecit Ised 100:

end:
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function ChannelNarne(Ch:char): string 12:

beg:in
case Ch of

V ChannelName :'Port',
TS ChannelNwne := 'Sta~rboard';
VB ChanneiName :'Both'-,

end;
end,

procedure FindFishHeight(var Bottomnstart: integer);

var
xl,x2 :integer;
Max Va! integer,

begin
RcipeatRow: Calme
Max Val :-60;
xlI :-,'0;
repeat

iflc(x!);
until (xlI -8H83) or ((StdRec[32 +-2 x II>= BMW~a) and (StdRecc32 42 * 11 < MaxVal))-,
if x I = 883 then begin

RepeatRow :-~ true.
end,
FishHti s 1.0 * xlI * TrannmitPeriod ' 883 * 1500 *0,00!1 * 0.5;

x2: :0;
repeat

inc(x2):
until (x - 983) or ((StdRcc[33 + 2 0x2J >- Bo[Val) and (StdRecI32 -2 *xl I <MaxVal))
if x2 = 883 then begin

Fishl-lt-l := ()ld'U;2
RepeatRom :- true;

end:
FishHL2 1.0 *x2 0 Transmitl~eriod i 883 01500 0.00 1 0.5;
Odldlt2 Fishl-[Q;
case IlottomChanriel of

VP begin
Fishl-eight := Fishilti:
BottomStart ;= x 1;

end.
'S' begiii

Fihilleigh! := Fishl-t2:
HottornStart := 0

'IV' begin
Fish1 icight := 0.5 *(Fishl-It! + Fishl 1t2):
BottornStart :=(x I + x' ) div 2:

cnd-,
end:

end:
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procedure RadionetricCorrcct:

var
NcwOutFile :ftice of StdRccType;
PrtStrboard,PrtCounter,StbdCountcr: array[O..883J of Longint;
PortTcrmpRcc.StbdTernpRar. byte;
ch chr
i,XCounter,Bottom Star,: integer;
NumProc,Totalretum : Longint;
Filenamne: pathstr-.
Avgreturn real,
x,y,xl,x2 :word;

begin

FSpfit(FNamne,Dir,Nanie,ext):,
if FileisPresent(Dir + Name +',cta') then begin

assign(RadioFile,Dir + Name + .cta).
reset(RadioFile),
for x :- 0 to 883 do begin

read ln(Radi A I e.AvgPrttlx.);
readln(RadioFile,AvgStd~x]);

end,
close(Radio~ile);

end
else begin

FillChar(Prt,Sizc~f(Prt),0);
Fi~lCharStrboard.SizeOfRStrboard),0),
y ;-0;
for x:- 0 to 883 do begit,

Prt1XI :-0.,
Strboard(xj :- 0.
PrtCounterix] :- 0.
StbdCounterlxi :- 0;

cnd:
Totairetum -0;
XCountcr :=0,
while (no! EOF(DataFile)) do begin

ISI-) Rcad(Data.File,StdRec); 1S1+)
FindFishl-eight( Bottornstart);
if lOResult = 0 then begin

gotoxy( 1. 1);
inc(Xou'iter);
if (XCounter mod 10) = 0 thet, F -een(l. 1.LightRr.-d,lntcgciToS~ring(XCounter,3) +'records averaged'):
for x := BottomStart to 883 do., in

inc(Prtjxl.StdRecI32 + 2 *xj):
inc(l'rtCounterjx));
iilc(Strboardlxl.StdRecc33 +- 1. xj);
inc(StbdCountcrl ;]).
incClotakrctum,((StdRccI32 -+ 2 4 * + StdRccr33 4 2 ') di% 2));

end.
end:

end.
for x :=0 to 883 do

if (Prlountcrix) = 0) or (SthdCountcrjxj 0) then begin
Avg~rtfxl U;.
AvgStdI41x 0;
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end
Ilse begin
AvgPrt(xJ :- Prtjxj1PrtCounterjxJ;
AvgStdlxJ :- StrboardtxI/StbdCountei~xj1:

end;
assign(RadioFile,Dir + Name +'ca)
rewrite(RadioFitc);
for x := 0 to 883 do begin

writeln(RadioFile.AvgPrtfxj):
write ln(RadioF ile,AvgSid [xj),

end;
closc(RadioFile),

end; (else)
resct(DmtaFile);

end,

ISI side-gth.pas) (Prof. Guth's SIDESCAN routines)

procedure FiltcrSpced;

const
NuniData -2000;

Val
TempOutflleCorrOut~lle,VTOutFile: text;
TrucelcArray,Truel-IdgArray :array[ I ..NumDatal of shortfloat:
StanFirst: boolean;
Lat.Long,Ctardepth,xf,yf~h,SumVel,SumI-dg: extended.
Vel :float,
j.Ioop.Error,flrs,Mins,HourTot :integer;
Time: real;
TimeStr :string[ 141;
I-IrStr ;string[21;
Tstr: string;

begin
assign(TcmpOufF ile. PETMA R Dfau Its. V irtualDi AkPath +'TcmpTrack.txt');
rcet(TempOutFile);
assign(Cori OutFile,S ideScanDefaulIts, DataPath + 'track.txt');
rewrite(CorrOu:file),
assign(VTOutfi Ic, PETMAR Defau Its. VirtualDiskPath 4 'I-lYDVandT~txt'),
rcwrite(VTOutFile),
Sumve! 0;
Sumlidp 0.
StartFirst: tbIke;
j =1
while not EOF(TempOutfile, do begin

if EPL.N(TempOutfile) then read~n(TenipOutfile)
ce seoegin

reae~ln(T empOuitFileLat.l~ong. Times Lr.~teading.Vel~xf~yf.h),
TrucVelArraybj 'vel;
TruelldieArtaybi Ieadiiig;
if j =5~ then StatiI~irst: true;
if SitartF'-rst th.~n begin

for loop - 0 to 4 do begin
Sum Vel SuniVel + TrULVI.Arrayoj - loopi;
SumllIdg Sunilldg +- Truet ldgArraN i -lop

cmlu



writeln(CorrOutFileLat:'1:4,Long:9:4,' ',TimeStr,(SumHdgIS ):S :0,(SumVel/5):8: 1,xf: 12 :2,yf 1 2:2.h:8:5);,
VaI(Copy(TimeStr,3,2)ilrs,error):.
Val(Copy(TimeStr,6,2),Mins~crror);
TStr: Copy(TimeStr.9,5);
Strip~lanks(TStr);
VaI(TstrTirne~error);
Time :- Hrs + Mins / 60 + Time!/ 3600;
writeln(VTOutfile.Time: 1 0:6,(SumVel/5):6: I ,xf, 12 :2,yf:. 12:2,(SumHdg/5):5 :0);
if 0 mod 10) - 0 then Screen( 1, 1 ,LightRed, IntegerToStringoj,3) + 'navigation data points filtered'),
SumVel :-0;
SumnHdg :-0;

end;
incoj);

end-,
end-,
close(CorrOutFile);,
close(VTOutFile),
SelectGraphicsMode,

end,

procedure UTM Interpolation;

var
TempOutFlle,OutFile : file of StdRecType,
x,y array[O.,26501 of shortfloat;
loop,TernpRange:. integer,

begin
assign(COutFileCUilename),
reset(C~utfile);
OnRecord :-' 0;
BotVal :- 25;
while (not EQF(COutFile)) do begin

if (OnRecord mnod 50) - 0 then Scrcen(I1.L1ight Red, Integer'roStri ng(OnRecord. 3) +' read into array');
($1-) Rcad(COutFile,StdRec); (Vl+)
itf(KcyPressed and (ReadKey - #27)) then break,
Mot'e(Stdkecj I 91,xlOnRecordl,4);
Move(Stdkecj23j,y[OnRecordj.4);
inc(OnRecord).
if OnRecard 110 then begin

for i :=16 to 17 do dec(StdReelil, 128),
TemnpRange :- StdRcc! 171 * 10 + StdRecII161,

end;
end;
close(C~utflec);
loop :- 0;
case TempRange or

100: while loop -z (NumnRec - 7) do begin
if (xjloopI=xt loop+ 11) and (x[lonn+ IJ-xj loop+2J) and
(x[loop+21'.xllnop+3j) and (Xjloop4 3j=xj loop+41) and
(xjloop+4I=xj loop 01) and (xjlovp+51-xjloop+6j) thcii begin

xlloop+1] xlloop+1 I + txlloop-&71 - xjloop+6])/?;
xlloop+21 :~xtloop+21 + 2 * (xlloop+71 - x~loop+61)f7.
xjloop+31 x~loop+31 + 3 * (xlloop-f71 -xlloop+61)/7;
x~loop+-41 xploop+41 + 4 * (xdloop+71 xlloop+61)/7,
xlloop4-SI :x,~loop+5I + 5 * xiloop±71 - xlloop+61D17;
x[Ioop+61 x[Ioop+6J +4 6 * (xiloop-+7i - xIloor.+6 1)/7;
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yIloop+lIJ :-ytloop+I] + (YIloop+71 - yiloop+61)/7:.
y[Ioop+21 :~y(Ioop+2] + 2 * (Ylloop+7J - y~loop4-61)17ý
y~loop+3] Uyjloop+3J + 3 * (ylloop+71 - y~loop4-6])/7,
yjloop+4] : y[loop+41 + 4 * (y~lonp+7] - yiloop+61)17,
y~loop+5] : y~loop+5J + 5 * (,y[loop+7 ] - yjloop+6117,
ytloop+61 ~'y~loop+6] 4- 6 * (ylloop+7] - ytioop+6])/7;
inc(loop,7);

endi
else if (x[loopj--x[loop+l ]) and (x[loop+1 J-x~loop+21) and
(xjloop+2]-x[loop+3j) and (x[ loop, 3]-x[oop+44) and
(xrloop+4)-,crlool,+s]) then begin

x(loop+l I- I xloop+lII + (xiloop+6] - x(Ioop+5J)/6;
xlloop+21 :-x~loop+2] + 2 * (xrloop+6] - x[loop+5])/6;
xlloop+31 :-x[loop+31 + 3 * (xlloop+61 - 4loop+51)/6,
xf loop+4) 1:-Kloop+41 + 4 * (x[loop+61 - ,x[loop+51)I6,
xlloop,±51 x ,loop+Sl + 5 * (x[loop+61 -xiloop+51)/6,
y~loop+lJ y[loop+ll + (yfloop+6] - y[loop+S]),'6:
y[loop+2] : y~loop+2J + 2 *(y~loop+6] yjloop-tS])/6;,
y~loop+3J :-y~loop+31 + 3 *(ytloop+61 - y[loop+5])/6;,
y~loop+4J1= y(loop+41 + 4 *(y~loop+61 - yrloop+51)/6,
y~iloop+S] i y~loop+51 + 5 * (ylloop+61 - y~loop+51)/6,
Inc(loop.6),

end
else inc(loop),
If (loop mod 50) - 0 then Scrcen(l, I5,LightRed~lntegerToString(loop,3) +'interpolated )

end;
200 while loop <- (NumRecc 4) do begiti

if NxfloopJluxc[loop+ 11) and (x[loop+ I ]-xjloop+2]) and
(xjloop+2I-x2tloop+3j) then begin

x(loop+ Ij :-x~loop+l 1 + (x~loop+41 x~loop+31)/4;,
x[loop4-2] ~-x(loop+2J 4 2 * (x~loop+4] - xfioop+31)/4;
x[ioop4-3] x[loop+31 + 3 *(x(loop-I41 - xLloop+31)/4;
y[ioop+1 I I y~loop+ IIJ ~(ytloop+41 - y~loop+31D/4-,
y[loo,4-2] y[loop+2] + 2 *(y(loop+ 4J - y[loop+31)/4.
y(Ioop+3J : y~loop+31 + 3 *(y~loop+41 - ytloop+31)/4;
inc(loop,3):

end
else if (,xloopJ-xjIoop4-11) and (xj loop+1}.I)-loop+2 1) then begin

xIloop+1 I:I xilool)+lJ1 4 (xlloop+3] xlloop+21)/3.
xrloop+2I : x~loop+21 +s 2 0 (wiloopi.31 - xiloop.*21)/3;
yfloop~l I:- y[loop+1]I + (ylloop+31 -y~loop+21)/3.
>Iloop+21 :- yllnop+2] -+ 2 * (y[loop+3j - yfloop421)/3;
inc(ioop.2):

end
elsec itL'(loop),
if'(loop mod 50) -0 then Screen(l I 15.I.ightP.ed.lntegerl'oString(loop,3) +'interpolated )

end;
end: 1,case)
l(oop : ,0

while (not 1LOF(CMutfiie)) do begin
if (loop mt.d 50) =0 then Scrccn(l.30.LightRedj~ntegcr'loString(loop.3) 4 records reprocessed )
seck(COut~ le, loop) :
(Vl-) RcudtCOutFilc,StiRcc); 1$14-)
seck(C'iOutfle.iloop):
Movc(xiloopi~tdReeI 191A4);
M ove(y I loop],.StdRecc1231J4);
whte(C'OutfiIlc.Stfdkcc):
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if (KeyPressed and (ReadKey # 27)) then break;
inc(Ioop);

end-,
clase(COutflle);

end;

procedure EditFile,

label
Bored,

COWS
BufferS ize - 256,

type
PosArrayTypc - arry~l,,BufferSl?& ýl'fPositionType,
CurPosArrayType -array[ Ii.Bufft, of HydroSurveyPositionTypc;

vair
PFile :file of HydroSurveyPosltionType:
TempOutFilie file of StdRccType;
TtackFlle: file.
VT~utPileTcstOutFilk,TextOutFile: at
PosArray : A PosArrayType:
CurPosArray :ACurPosArrayType,
CurPos: HydtoSurveyPositionType;
CurHydroPos: l-ydroSurvcyPosition'l %vpe:
LastTIme,LasXF,LuitYr- array[ 1.21 of float,
F irmDepthbox, Record Locati nn,OK,OK2, ShowPoints~ConnectPoints,Done, Way Point]?IIt, Valid Reading:; boolean;
EditChA,6hc2 :char,
PointSym: DrawingSyinbol,
MlnDepth,MaxDepth,xfl ,yfl ,xf2,yf2,h,k,HeadlnglI I-cadlng2,HYDTime I HYDVcllI,HYDTime2,HYDVcI2,
HYDVcl,EGG'rlmc.Elev,Li~tLat,LastLongDlst,Tiiiie,Vel,xf,yf: float
E~choTracComPorL,XComer,YCorner,TopDepthLlmltPolntColor.XCur, l,SkipH-ourOffset,MlnuteOffset,

SwathColor,xO,yO,x I,ylI,T'imclnterval,Hr,Minj ; ntcecr:
NumReadings.NumProc :LongInt;
Fil lNamc,DataPath.HYDDataPUth,Datal)lrectory,DatnSubl~ir,MopDir.WayPoirhtName IlathStr;
Image :pointer.
TimcStr :string[ 14 l
Ext :string3;
Projil-'HNamc string;

hcgir
Hou,{)tfset - 17;
MinuteOlfise := 0;
SccondOffim - 0;
Numi'roc : 0;
IDatallath: SidcScanDcfaults.DataPath;

1 =2;
SelecoGraphiscsMode;
Readlntegerl)chaiultln(iraphicsflox(5,5.'Hours :iddedfsubtraettd from EGG', Ilourolffsct);
Reiidliitegerl~erauhtln~raphicsBox( 5,5,'M mutes addcd/subiracted from FOG(1 Mlnute~ffket);
Reud Integerlkcfaultln(iraphicsliox( 5.5 .Sccondký added/stihtracted from FIC(i(' Seco'ndOIT.Sct),
I I YDI)tatal'uth :-SidcScwnlct'aults.Datvd~uth;
(ict~iI leronil)i rectory (1 lydrographic traick','* I I YD'J IYDI)atahathjYNamc),
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reset(ffile),
CFileName :- SideScanDefaults.DataPath;
GetfiieNarnel~ef'Ext(1,2 l,'editcd record','EGG',CFileName);,
assign(TempOutFiie.PETMARDefaults.VirtualDiskPath + 'TempOutFilcEGG');
rewrite(TempOutFile),
reset(DataFike)-
while not EOF(Dat&Fiie) do begin

read(DataFile,StdRec);
inc(NumProc);
it(NumProc mod 10) - 0 then Screen( 1, 1.LightRed,integerToStr iig(NumProc,3) +' records with times changed').
for i :-I to 3do dec(StdRec~i], 138),
StdRec[3] :- StdRecJ31 + HourOffset,
StdRec[21 :- StdRec[2] + MinuteOffset;
StdRec[ I] !- StdRecl I + SecondOffset;
while (StdRec( 1]) >- 60 do begin

StdRec[21 : StdRec(2J + 1;
StdRecjIJ I- StdRec[l 11 60,

end;
while (StdRec[21) >- 60 do begin

StdRec[3] :- StdRecI3] + 1;
StdRec[2] :- stdRcc[21 60.

end;
for I ;- I to 3 doi Inc(Stdkecjil, 128);
write(Tompoutfile,StdRec);

end;
close(TempoutFile),
DepthLimit :- 45;
DataSubDir :- !Side~cazcDcfaults.DataPath;
NlapDir :- ";
UTMunitialize;

(SIfl)ef WritcoutPut)
assign(T'cxtOLutFile,PETMARDefaultsVirtuall~iskPath +7'empTrack~txt'),
rcwrItc(TcxtOutF1Ic);,

Mindif)
PETOvcr.AllowChangeshnFlieFrornDirectory :-' true:
MmnDepth :~9999;
MaxDcpth -9999;
First true;

while not EOF(l'File) do begin
read(P~il,C'urPos):
with Curl'osPositicin do If abs(Lat) > 0,00001 then begin

V'al(Copy(TimecStr, I ,2).Hr,orror);
Val(Copy(TlmeStr,4,2).Min~error).
'IStr: Copy(l'imcStr.7,5);
Stri ptillank sTStr),
Val ('striimc, error);
Time := rI 4 Mini / 60 + Time / 3600;
ValidReading :=truc;
Rawi~roj1cct(1I.0 Leat. 2.0* ong,xf',yfl;
(ietMupScacle'actor( i~at/l)eg'lo-Rad. ong/lkegilokad,lc~k);
if first then First :=false
else begin

D~ist :=sqrt(sqr((xtf-I u.IXF I 10i/) + sqr((yf-1LUstYF I 11)/k));
if (fist :, 0.00 1) and (nhs(Lat) > 00021) and
(D~ist < 25) thwn begin

Ilcadingufl~unc((xft.l.astXFI I j)/h,(yf-leastYll I I)/kJ leading);
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Vol :- (O.62/1,15*0.OOI * Dist) / (Time.. LastTime[ I]
writeln(TextOutFile.LatIDegToRad:9:6,LongfDegToRad: 12:6,' ',TimeStr.RealToString(Heading.5.0)+

RcalToStrii~g(VeI,8, I ),xf:- I2:2,yf.: I 2:2.h:8:5),
if 0 mod ! 0) - 0 then Scrcen(l, lLightRed,IntcgerToStringOj,3) + 'navigation data points read')-.
incti),

end,
end,
LastxflI] I xf,
Lastyfil I:Iyf;
LastTime I] I -Time,

end:
inc(i);

end,
Bored:,
I :-2,

close(TextOutFile),
FilterSpeed,
assIgn(COutFile,CFIleNaine):,
rewrite(COutFile),
assign(TempOutflle,PETMAR.DefaultsVirtualDlskPath + 'TempOutFileEGG'):
reset(TempOutpile),
assign(VTOutFile,PETMARDcfaultsVirtualDiskPath + 'HYDVandT~txt'),
reset(VTOutFile),
NumProc :- 0:
assign(iunkFIlc,PETMAP.Defaults,VirtualDiskPath + 'Junk~txt'),
rewrite(JunkFile),
while not EOF(TempOut~ile) do begin

read(TempOutFilt StdRoc);
inecNumProc):
Ifr(NumProc mod 10) - 0 then Screen(I, 1,LightRed,lntegerToStrlng(NumProc,3) +

'records rewritten with nay data'):
for i I- I to 12 do dec(StdRec[Ij, 128),
for I I Ito 3 do dec(Stdkec[I11.128);
irNumProc - I then begin

readlIn(VTOutFI le, HYDTime 1,HYDVeI 10,fl,yfl .H-eading 1),
reidln(vTroutFileH-YDTime2,IHYDVeI2,xf2,y12,1-lcading2);

end,
EGOTime :- StdRev[31 + StdRecI2J/60 + StdReceI11/3600: (hours)
while ((EGiTfine < 1IYDTinice1) or (EGGTime > HYD~ime2)) and
(not EOF(VTOutFile)) do begin

l-IYDTimelI :- 14YDTime2.
HYDVeI I :- HYDVeI2

xfl :-y2.

Ileadingi :- Heading;2;
rt~adln(VTOutFileHYDTime2,HYt)Vel2,xf2,yf2,Ilicading2):

end.
x:- xfl + ((rGGTime - IIYDTimel)/(IHYDTime2 - 1IYDTimcI)) * (xf2 - xfl);

yf':= yfl + ((ECIGTime - IIYDTimcl )/(l-lYDTimc2 - HYDTime 1)) * (yf2 - yfI);
I1YDVeI :- 11YDVeII + ((EGGTime - 1-YDTImeI)/(HYDTimc2 -HYDTIlmel)) *(l-YDVcI2 - IIYIJVeII):
if I.IYDVeI >- 10.0 then begin

Tenths := round(IIYD)VeI $ 10 - 100):
'lcns: I;

end
else hegin

Tlenthis :- round(l-IYDVeI * 10);
lens: 0;



127
end,
xutm :xf';
yutm :-yf;
Move(xutm,StdRec[ 1 91A4).
Move(yutm,StdRecj23],4);
writeln(iunkFilc,'HITs: ',FIYD1'ime 1 :8:6,HYDTimc2:lI1:6.' ET: ',EGGTime:8,6,

1xf: ',xf: 12:2,'yf, ',yf:.12:2,' Vel: '.HYDVeI:4; 1);
StdRec[ I I]:- Tenths;
StdRec( 121 -Tens;
for iI :Ito 3 do inc(StdRec[iI, 128);
for :- 1I to 12 do ine(StdRecli 1,128);
for 1: 13 to 14 do dec(StdRec~I], 128),
StdRec[ 141 :uround(Heading2) div 100.
StdRoul 131: round(H-eading2) - (StdRec[ 141 * 100);
for i :w 13 to 14 do Inc(StdRec[iJ, 128);
wrlte(COutFile,StdRec),

and;
close(COutMIC),
closc(VTOut~ile);
closv(Tempoutvfle)ý
closc(JunkFile);
SelectoraphicsMode;
UTMlnterpolation;

end,

($1 side-msc~pas) I Midn Linder's error checking routine5 and the demonstration slide show procedure)

procedure DrawBox;

const
MosaicSize - 1800;

begin
SctColor(LightRed);
MopProj,AdjustCoord(ZeroXOffsetZeroYOffset.1'empMapXTempMapY);
MovcTo(TempMapX,TempMapY);
MapProjAdjustCoord(ZcroXOtTset,(ZcroYOffset-MosaicSizc).1 cmp2MapX,Temp2MapY);
LineTo(1Tcmp2MapX .Temp2MapY),
Mapllroj.AdjustCoord(ZcroXoffset,(ZcroYOffsoet-MosaicSizc),TremP2MapX.Temp

2MBPY);
LincTo(Tcmp2MupX,Tcrmp2MapY);
MapProI AdjuqtCoord((ZeroXOt'fset+MosaicSize),(ZeroYOffset-MosalcSizC).TcmpMflpX.1'CmpMapY):
LincTo(TcmpMapX,TcrnpMapY);
MapProj ,AdjustCoord((ZeroXOlI'set+MosaiicSize),ZcroYOfT5Ct.Tomp2MapX.Tcmp2MSpY)ý
LincTu(Tertnp2MapX,T'cmp2MapY);
MapProj. AdjiustCoord(ZeroXOffsetZeroYOfl'setT'empMapX,TempMapY)ý
LineToU(ernpMapX.TcmpMapY);

end;

proceduire Mosaic:

const
IicginVaui 0,
Mosaicsize = 1800,

type
Mosaickowlype =arraylO..MosalcSizel of byte;
Rcgistereditnagciypc record
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'xcp,ycp array[l.4J of ir'.

!'.gaePathStr,

Var
MoalucRow AMosaicRowType;
NewMosaic~ieMosaicrile : mie or MosaicftowType,
ImageRows :arrayto., '4osulcSize] of AMosalcRowType,
CheckFile,XYFile,oidXYFIle,IndexFile: text;
Dir,DIr2: DirStr;
Name.Name2 :1ameStr,
ExtExt2: ExtStr;
Done bonlean;
PortStbd,MosCh,ChnlCh :char,
xgrid~ytrid,Min,DistMirtDist,i..Temphead float;
XO,YO,xtemp,ClosestHdgDesired,PomsslBigHdg.Poss2BigHdg,SMarVal,Bothl~oopLoopMax.BottomStart,
Id :integer;
lmageX~inal,IniageYFinal,Xcheck,Ycheck: longint,
ProjFIeN~arne.MapDir,FiloName: pathstr,
Fileinfo :ScarchRec;
Datalinc: string;

begin
ZeroXOfTset :- 376800,
ZeroYOffset - 4312000;
repeat

I :-I 1.

MenuStr:- 'Aoptio3nq\-Make single mosaic\-Comnhine existing mosaics\-Xit',
Menullelpil~eNwani - 'ss-mosaihlip',
MakeMenu(MenuStrS,5,MosCh,i);
case MosCh of

VM: begin
Read LonglIntegerDefau Itl n~raph ics~ox(5, i,'X utm value of upper left corner ',ZeroX Offset);
ReadLonglntegerDefaultlnGraphics~ox(5,5,'Y utm value of upper left corner ',ZeroYOffset);
Filename :- SideScanDefa&uhsDatapath
GciFIIeNaineDcrExt( 1,1,'MosaIc fle','bn I ',FlIeName);
FSplIi(FiieNamc,DIrN~Jmc,ext)-;
new(Mosaiclkow);
assIgu(MosaIcrIle,Filcnanic);
FillChar(MosaickcowA, sizeoflMosaicRowA),0);
UTMlnitiallme
IDrawliox
l-dgDesired :- 0;
for y :- 0 to MosaicSlze do begin

If ((y mod 50) - 0) then Screen(30..l.L~ightRed.lntcgcrl'oString(y,4) + I+ MemAvallStritig);
CictMem( lmageRowsljy,succ( MosaicSize));
lmageRnws[yIA :- MosaicRowA;

end (fo~ry);
repeat

repeat

Menu~tr :- 'Ct~annel displayed\-Port\-Starboard\-Bloth;ý
Mak~cMciiu(MenuStr,.5,,ChnICh,i),

until ChnlCh inIl,'i1
LoopMau :- I ;
case ChnlCh or

'I": StartVal :1 32
'S: Start Val 3'
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'B': L~oupMIx:- 2;

end;
Newimage;
RadiometricCorrect;
OnRecord :- 0;
for BothLoop :- I to LoopMax do begin

if BothLoop - 2 then reset(Datallile);
while (not EOF(DataFile)) do begin

Inc(OnRccord);
If (OnRecord mod 10) - 0 then Scrcen(l, 1,LightRed~lntegcrToString(OnRecord,3) +

I'complete ') "
(MI-) Read(DataFIlc,StdRcc), ($I+)
if (KeyPressed and (RcadiKey - 027)) then break;
ifI' OResult - 0 then begin

AnalyzeRecord;
Find~ishHeight(BottomStant);
while BottomStart <- 883 do begin

SlantDist :- 1.0 * BottomStart * TransmitPeriod / 883 0 1500 *0.001 O.0,5
it'sqr(SlmntDist) >- sqr(FlshHeight) then

Dist~romCent- sqrt(sqr(SlantDist) - sqr(Fishl-IcIght))
else DIstFrornCent :- 0;
case ChntCh of

'Pl:begin
Finalxutm :-xutm.DistFromCent*CosDeg(Heading);
Finalyutm :-yutm+Dist~romCent SlnDeg(Heading);

end-,
'S, begIn

Fhialxutm ;- xutm+DistFromCcnt*Cosl~cg(Heaiding);
Plnalyutm :- yutm.Dlst~romCent* SInDcS(1 lead Ing);

end,
'fl':ce BothLoop of

I bcgin
Start Vat :- 33.
Flnatxutm:- xutm+DistFromCent*CoaUeg(H-ieding);
Finalyutm :- yutm.DlstFromCent* SinDeg(Heatding);

end;ý
Z:bcgin

StartVal :- 32;
Finiilxutm :- xutm-DIstFromCent* Cosl~cg(H-ead Ing);
I-'nalyutm :- yutm+DistFromCcnt* SInDcg( lecading),

end;
cnd,

end;
Finalxutm :-Finalxutm - 25*SInDeg(Heading);
1FInalyutm :-Firalyutm -25*CosDeg(Hcading);
lrnageXIinal :-round(lzinaixutn¶ - ZeroXOft'set),
lmagc~l-'inal :-round(ZeroNYOflset -Finalyutm);
If OtmagcX~inal >- 0) and (ImagcX~inat <- MosuicSize) and

(tmugcYFinat >- 0) and (tmageYl-inol - MounicSize) then begin
xtemp := StartVat 4 2 1 B.ottomnStart,
i f(AvgStdl Bottamlturt] > 0) then

StdRaclxtenpJ : round(StdRcclxtemp] 32 / AvgStdjllottonmStartj);
if StdRec~xtempJ '- 64 then begin

if'((OilRccord mod 5) - 0) arnd ((BottomnStart mod 50), -0) then begin
AdjustCoord(Finatlxtrni,Fir'iutyutni.X0,Yoj;
putpixet(XtI,YO,rcd);

end;
tmngeRowsjtmagcY~inal ]'I tmagcX~inaI : StdRcclxtemril;
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end,

and-.
inc(HottomStart,4),

end;
end;

and;
close(Datafile);
FileOpen! false.,
OnRecord :- 0,

endý (for)
until AnswerisYesXY( I ,5Dione');
rewrlte(MosalcFila):
for i :- 0 to MosaicSize do begi

wrltc(MosaicFile,lmageRowsli'
if((W mod 50) w 0) then Screen(30,.l,LightRed,IntegerToString(i,4) +'rows written to flie'),

end,
close(Mosaicl~ile),
asslgn(XY~ile,Dir + Name + .YI,
rewrite(XPile),
writeln(XYFiic,BeginVal:10 ,BeginVal: 10,ZeroXiOffset: I 0,ZeroYOffset: I 0):
wrIteln(XY~ile,MosaicSize: I 0,BeginVal: I 0,(ZeroXi~ffset + MosaicSize): I 0,ZeroYOffset: 1 0):
wrtteln(XYFiIe,MosaicSize: I 0,MosaicSizo: I 0,(ZeroXffset + MosaicSize): 10,

(ZeroYOffse: - MosaicSize): 10);
wrIteoln(XYFlle.HcginVaI: I 0,MosnicSize: 10,ZcroXOtfxet: I 0,(ZeroYOtfset -MosaicSize): 1 0),
close(XYFile),

and;
'V: begin

Pllenazne:- SideftanDefaults.Datapath;
GetFll.NamneDcfExt(, 1,1 ,Combined mosaic file','bn t',FiieName),
PSplit(PlleNamt,Dlr,Name,ext);
new(McjsainRow):
a~sISn(NcwMosaIcVIlc,Filenvme);
tFillChar(Mosaick owl', sizoof(MosalcRowA),0),
for y :- 0 tu Mosuic~ize do begin

if ((y mod S0) -0) then Screen(30..l.,LightRed,IntegerToStrini(y,4) 4'' + MomAvaliString);
GetMori( ImugeRoiwslyl,succ( MosaicSize)),
ImageRawsly)A :- MosaicRowA':

end (tfory);
repeat

D~ataSubl)lr :- SideScainDefai:, Dastapath
GetF Ie~rornDiriectory(T xi sting~ mosaic',' 0. N I ,DataSubDir,.PNam'e).
ir FNarne - " then hailt:

asign(MosaicviicNamc);
reset(MosaicF11);
for i :- 0I to MosaicSize do begin

read(Mosaic~l 'lc,mosaiicRowAv,)
for i :- 0 to MosuieSizc do

ifftno~aiCrOWAtfl > 0 then InugeRowsjIjALjI :- MOSAiCroW'A~j;
if*((i mod 50) -0) then Screen(30A-J~ghtRed,

Integerl'oString(i.41) + ' rows read from fie');
end;
close( MoiaicFile I,

until AnswcrlsYcsXY( l,5,1)onI.
rcwritc(N ew MosuicPl*ie);
for i :- 0 to MosaieSize do begin

w ritc( New MosncI ie'l,lImiigeko~wsI i j-'
it ((i mrod 50) -- 0) thun Scr ecn(30.. I LighiRed,
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IntegerToString(l,4) +' rows written to file'),

end;
close(New~iosalcFile),
assign(XYFilc,Dir + Name +'.Y)
rcwrite(XYFile),
a~sslgn(OldXYFIeDlr2 + Narne2 + '.XY').
reset(OldXYFiie);
for I :- I to 4 do begin

readln(OIdXYFIoe,Dat&Ilne).
wrIteIn(XYFiI oDotal ine);

end;
ciosc(XYF~ie);
closc(OldXYFiie);

end-,
end,

until MogCh in IMI''CYX'I 1
If MosCh in ['CYM'j then begin

asslgti(lndexFlIe,Dir + Name + '.Idx');
rewrite(lndexFle);
wrIteln(lndexFile,'EGG side %can sonar');
wrltP.ln(lndektIle,1 I ,succ(MosalcSize):S,' I ',succ(MosaicSize):8);

wrltaln(lndeKFile,'SONARI):
wrItoln(lndexFIie,FIlenamc);
close(lndex~ile);

end;
if MosCh <> 'X then

for y :- 0 to MosalcSlze do begin
If ((y mod 50) - 0) then Screen(30,-1,LlghtRed,lntegerToString(y,4) + I+ MemAvaliStrlng);
FrceN~em(lmageRows[yJ,succ(MosaIcSize)),

end (for y);
end,

procedure Veritr'SideScanDeraults;

begin
S Ido ScmnLDefaults. DutaPnth ="
if ik'llsPresent('SideScan.1)EF') then

begin
assign(DcfaultsFllc,'SldeScan. DEFW)
romet(1)efaultsFilk);
read(Dc1'aultsliýice,SidcSwinDcfaults);
close(tDefaultsFiie);

end

begin
GetflOSl~ath('side scan data'.Si1dcScanDelau Its,.DataPath),
a~ssign( Dci sultsl-ike,'SidcScain.Dýi"F);
rewrltc( E~caultshiic);
writel l)cl'uultslilc,SideSennl)cfisulhs);
elosC(DIcI'dultsFllc):

endý
end;

procedure SlantRiig~orrmc
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var

i:integer;

begin
for i :- 0 to RecXMax do begin

TrueDist :-(NumRecs'* OneOrBoth) 0 i * Range / ScreenXMax;
SlantDist :-sqrt(sqr(TrueDist) + sqrkFishHcight));
SlantTime :- 2 * SlazitDist / 1.5,
LUTInc :- 2 * round(SlantTimef1rransmitPeriod' 883):
if Invert then begin

StartPort ;m 33,
StartStar :- 32,

end
else begin

StartPort 3 2;
StartStar 3- 33;

end;
case PortCh of

7PI ScreenLUTlRecXMax.i] :- StartPort + LUTInc;
'S': ScreenLUT[IJ :- StartStar + LUTInc;
WB: begin

ScreenlUTlRccXMax. -1]:- StartPort + LUTInc;,
ScreenLuTr~succ(RecXMax) + I] : StartStar + LUTInc;

end;
end,

end;
end;

procedure AspectRatloCorrect;

var
x :integer.

begin
counter :- 0;
Speedloterval :- (Speed 0 0,50H * 0.001 * Traiimnitl~eriod);
Pixeil~ist :- ((NumRccs 0 OneOrBoth) 0 Range / ScreenX~ax);
NumPixelsShow :- round( Speedlniterval/PixelDist),
Remainder :% Speed lniervalfIlixelDist -NumilixelsShow;

SumRemainder := SumRemainder + Remainder;
repeat

If (NumilixelsShow >= 1.00) or (not(RepcatRow)) then begin
wrlteln(JunkFile,(y + ScreensDone * ScreenYMax));
writcln(JunkFilcOnRecord),
for x -0 to (ScrcenXhiax div NumRccs) do

PutPixeI(( x + XDcflection),y,Color~lytesIStdRcclScreenlIAJTl xlii);
If Copy~magc then begin

for x := ScrccnXMiax downto 0 do
OutVallScreenXMax.x I :- StdRecjSerecnL1J'1IxlI;

Bllock Write(Imagel'I I tWnI, 1);
inc( RowCounter);

end,
end;
f 'Sumilemainder -~ - I then Sumllemainder := Sumikemainder + 1.00
clic if (NumllixclsShow '= 1.t001 or (not(RepeulRow)) then

if Invert theni incoy)
else deety).
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inc(Counter);
if ((y = 10) and not Invert) or ((y >- ScreenYMuix) and Invert) then begin

inc(ScreensDone);
Counter := NumPixelsShow;
if (ColsSidebySide > 1) then begin

inc(ColsDone);
if ColsDone - ColaSidebySide then begin

PressKeyContinues,
SelectGraphicsMode:
ColsDune :- 0;

end.
end
else if WaitAtBottoin then begin

PETMARlmageOption(tnac,DefuultPrint);
SelectGraphicsMode;

cnd:
if Invert then y ;- 0 else y :- ScreenYMax;

end;
if Sumikemainder >- I then begin

SumRemainder :- Sumikemainder.- 1,00;
Inc(NumPIxelsShow).

end.
until (counter - NumPixelsShow) or (NumPixelaShow < 1);

end,

procedure GetPosition-,

"Bar
x0,yO,x l~yl.OldYOldRec,DistLoop,Points : integer,

begin
close(Junk~ile):
If Projection, Pname <> tJTMEllipsoidal then

Messagel'oContinueXY( I, I ,Not IJTM projection: problems likely,');
xw :=ScrccnXMax div 2;
yw ScreenYMax div 2:
Points := I1:
if ch-VMthen Points := 2;
for DistLoop :- I to Points do begin

CictX YLocat ion(x w,yw0,O,OScrcenX Max, SecrenY'Max,Done,triic,true.Dummy Display('ursorl.ocation);
case IlistLoop of

1: begin
XO0:= xw;
yO := "

end;
2: begin

xl I xw;
SI y~w;

rnd:
end;
XI~esircd :=xw;
ctase PoriCh of

I13: DistFromCcnt :t" &is(RccXVax - XI~esired) Range / Rcc~ax;
'S' istI~romCcnt := XI~esircd *Range / RecX~ax

T'P DistFromCcnt = ScrecnXMa~x -XDesired) * Range / ReccXax;
end;
YI~esired :m yw + Screcrisl~ne ScreenYMax;
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assign(Junk~ile,PETMAR.Defaults.VirtualDiskPath 4- YandI~ec.txt'):
reset(JunkFike);
repeat

readmn(unkFile.OldY)-,
ruWa~n(JunkFiIc,OidRcc);

until (OldY - YDesired) or EOF(JunkFiie)-.
ciose(JunkFilc);
if OldRec < NumRec then seek(DataFile,OldRec)
else seck(Data~le,prcd(NumRcC));
reaW(DataFile,StdRec);
for i :-' 0 to 17 do dec(StdR.c~iJ, 129).
Heading:;- StdRec,1141 * 100 + StdRcc[ 13];
Move(StdReci 19j,Centxutmi,4);
Movc(StdRccl23lCelltyutm,4);
if Distl~oop =I then begin

if ((xw <~ RccXMax) and (PoriCh 'BV) and (not Invert)) or (Poi1Ch = P)or

((xw > RecXMax) and Invert and (PortCh - 'B')) then be.gin
Finalxuti :-Centxutm-DistFromCent'CosPeg(Hea~ing);
Finalyutm :-Contyutm+DistFromCent*SiflDeg(Heading)-

cnd
else begin

Finalxutm - Centxutm+DistFromCent*CosDtg(Heading);
Flnalyutm :- Centyutm.DistFromCent*SinDeg(Headiflg),

end,
Finalxutm :=Finalxutm - 25*SinDeg(Heading);
Finalyutm .~Finalyutni - 25*CosDeg(fleading);
InverseProject(finalxutrnl~tinalyutm,Lat.Long);
MessagctoCorninueXY(1,I5.'xutm: I + RoA-IToString(Finalxutm,$.,2) + 'in'+

'yutm: '+ RcalToString(FinalyutimhS.2) + 'm +"
LatLongl'oString(latidegtorad~long/dcgtormd,dCCmifutes) +'V);

end
else begin

if((xw < R.,cXMax) and (PortCh - 'B') and (not Invert)) or (PortCh -7') or
((xw > RccXMax) arid Invert and (PortCh-'B')) then begin
Final2xutm Centxutm-DistFromCent'CosDeg(Heading);
Finail2yuttn Centyutm+DiitFi oniCent*SinDeg(Heading);

end
else begin

Final2xutm :~Centxutm+DistFrorCcnt'CosDeg(Headifl)-
Final2yutm :=Centyutm-D-stFromCentO SinDeg(Heading);

end.
Final2xutm := Finai2xutm - 25*SinDeg(Heading),
Final2ymtm := Final2yutrn - 25CosDeg(H-eading);
setcolor(red):

InvcerscProject(f nal2xutm~final2yutin.Lat.Loflg);
McssagetoContinueXY(l I. 5,"'Yutm: '+ kcaIToString(Findl2yutml.8.2) + 'm' +

Iyu'm: '+ RealroString(Final2yutm.8,2) +-'m\'+

Latl~ongl'oString(latldegtorad,Iong/dcgturad~dccminiutCs) +T)
PointDist :-sqrt(sqr(Finaixutnl-Final2xutin) + sqr(Finalyutm-Fin&l2yutm)).
Niessagel'oContinueXY(l I, 5,'Distancc =' + RealToString(PointDist.8,2) +'.\)

en'];
end,
appcnd(JunkFile);
scek(1)ata~ik.OflRecord);

end-;
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procedure MuleIDUAdXY~les;

Dir: Dirstr;
Nane; Namo~str;
Ext: Extstr;

S:integer;

begin
FSplit(FName,Dir.Namne,ext).
assign(Index~ile.Dir + Name +.ix)
re~write(IndexFile);
writcln(I-ndexFile.'EGG side scan sonar');
writeln(Index~ile,' I',succ(ScreeaiXMax):8,' 1',RowCounter:8);
w-riteln(IndexFileT1 );
writeln(Ir~lexFile.'SONAR');
writeln(IndexFilc,Namnc + '.BN V');
assign(XYFilc,Dir + None +'.XY",;
ruwrite(XYFile),
BeginVal :- 0;
if Projection.Pname <> UTMiEllipsoidal then

MessageToContlnueX Y(1.1,'Not UTM projection: problems likely.');
4Image (,0)

XDesired := ScreenX~ax;
xw ; - ScrcenX~ax,
case PortCh of

V:' Dist~romCent := abs(RecXMax - XDesired) * Range IRecXMax;
V:DistFromnCeiit : XlDesired * Range / ReeXMax;

'V : Dixt~romCent :- (ScreenXMax - XDesired) * Range /RecXMax;
end,
resot(DataFfle);
read(DataFile.Stdlkec);
for i :-0 to 17 do dec(StdRec[i], 128);
JI-adfitg :- StdRec[ 14) * 100 ý StdRec[ 131;
Move(StdRccj 19 1,Ccntxutm.4);
Move(StdRec[23 J,Centyutm.4);
if (txw < RecXMax) and (Pr'rtCh =V'B) and (no, Invert)) or (PortCh =7'P) or

((xw > RecXMax) and Invert and (PortCh =B')) thrcn begin
Finalxutrrt : centxutm-PDistFrorrCirnt 4Cosb~cg(H-eading).
Finnlyutm C-cntyutm+t)istFromCent 4SinDeg(Heading);

end
else begin

Finalxutm :=Ccntx'Jtm+DistFromCent 4CosDeg(Hcading).
Finalyutm : Centyutm-I)istFromCcnt*SinDcg(Heading);

cnd,
Finalxutm := Finalxutm - 250SinDg(I-icading);
Finalyutrni:- Finalyutm - 25*CosDel;(HcIading),
write ln(X)YFi le. BeginVal: I 0.13cginVal: 10,Finaixutm: I 0:0,Finulyutnv 10:0):
I Imagpe SXM.0)
Xliesired :=;O
xW -0;
case PoriCh n4

UB DislFrornCent :=ahs(RecXMni - XDcsired) IRange!/ Ruc~a'x,
'S' IistFrornCent :=Xbcsired *Range / RecXMax;
T' IDistI~roiiiCcrt (ScrccnX~ax - XI~esiicd) 4 Range / RecX~ax.

end;
ffx -RecXMaxt and (PortCh =U') and Inot Invert)) or (PortCh 'V) or

((x%%-> RccX~lax) and Invert and (PornCh '13)) then begin
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Finalxutm :=Centxutm.DistFromCcnt*CosDeg(Hleading);
Finalyutrn Centyutm+DistFromCent*SinDeg(Heading),

end
else begin

Finalxutin :-Centxutm+DistFromCent*CosDeg(Headiig);
Finalyutm :-Centyutm-DistFromCent*SinDeg(Heading);

enld;

FInalxutm :- Finaixutm - 25*SlnDegQ(1eading),
Finalyutm :- Fivialyutm -25*CosDeg(Heading);
writeln(XYFile,ScreenXMax. 1 0,BecginVal: 1 O,Finaixutm: 1 0:0,F7inatyutm: 10:0);
I Image SXM,SYM)
XDesired : 0;
xw :- 0;
cast Por~Ch of

'B': DistFromCent :-Abs(RecXMax - XDesired) *Range /RecXMia.'
'S': DistFromCent :-XDesired * Range / RecXMax.

T:Dist~romCent :- (ScrcnXMinx -XDeslred) * Range/ RecXMiax.
end,
scek(DataFile,precl(NumRec));
read(DataFileStdRecc),
for I :-0 to 17 do dec(StdRec[i], 128),
Heading :- StdRec1141 * 100 + StdRecf 131;
Move(StdRecI 19j,Centxutni,4),
Move(StdRec[23 ],Centyutm.4):.
If ((xw < RecXMa,) and (PortCh 'B') and (not Invert)) or (PortCh -'P') or

((xw > RecXMax) and Invert and (PortCh -'B')) then begin
Finalxutrn:= Ccntxutkm-DistFromCent*CosDeg(Heading),
Finazlyutm :- Centyutm+Dist~rornCent* SinDeg(Heading);

end
else bogin

Finalxutm :- Centxutm+DistFromCent*CosDeg(Heading);
Flnalyutni := Centyutni.DistpromnCent* SinDeg(Heading);.

end;
Finaixutm :--- Finalxutm - 25*SinDeg(i-ading),
Finalyutm ::- Flnalyutm - 2S*Cosl~eg(Heading);
writeln(XYFikc,SereenXMa~x: I 0,(y + ScrcensDone * ScrtcnYMax): I O.Finalxutrn: I 0:0,Finalyutm: 10:0),.
(lmpgo 0.SYM)
XI~esired :- ScreenXMwx

xw=ScrcenXMax.
case PortCh of

'B': DistFromCent:= abs(RccXMax - XDesired) * Range / RecXMax;
'S': DistFromCent :~XDesired *Range / RecXMax.
'V DislFromnCeni :''(ScreenXMax - XDesired) 0 Range / RccXMax;

end&
if ((xw < RecXMax) and (PortCh = 'B') and (not Invert)) or (PortCh =?'j or

((x%%,> RccXMax) and Invert and (PortCh = 'B')) then begin
rinalxutm :- (entxutm-DistFromCi.'.nt*CosDcg(Heading);
lFinalyulrn -- Centyutm+DistpromCent* SinDeg(Hcading);

end
else NKgin

F-'nalxuttn := CciitxutmA D~istFromCent CosI)cg( Ilcading.):
Finalyut-n :-Ccntyutmn-IistFroniCc1t1 SinDeg(IHcading),

cnd,
Finalxutm :=- Finaixutm - 25*Sin1)eg(Heading)-;
Finalyutm := Finalyutm - 25*Cost)cg(HeIading),
writcln(XY'I'lcBep~nVa1.:1 '2,'~v + ScreensDone * Scrccn'% Max): I tLFinaixutm: I 0:0.Finalyutm 10:0 ),
Ciosc(XYFileI.
close~maltngile).
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close(IndoxFike);

end,

procedure SideScanOps,

label
B3ored;

var
TFile :text,
BadPick,RadioData,Mov~aiclndicatur,RadioCorrect,SkipCalcs,ShowBar,BigRec: boolean;
RccalcParameter,OldFishheighitLastRange :float,
i,MemPositioii,MosaicLoop,SaveRecNum,BottomStar: integer,
MapDir,Proji~ileNanmc,lmageFilcNaznc,DataSubDir: PathStr,
xl,yl word;

begin
Verllf'SidicScanDefaults,
GraphInit;
UTMlnitialize;
FileOpen :- false;
OldFishl~eight :- 0;
Recalel~erameter ; 0.05;
NumRecs :- 1,
ColsSidebySide :- 0;
CoiSkip := 1;
xl- 100.
yl 100.
BottomnChannel :-'B'
repeat

repeat
ColsSidebySidc: I:
BotVal :- 25,
Copylmagc: false;
SkipCalcs :-false;
Invert : false,
RadioCorrect := false;
Radiolato : fhlse;
ShowBar :=true;
WaitAtBottom :=true;
with PElMARDefaults do

if SuperVGAMode > 10 then NewGraphicsMode(SuperVGIAMode.SuperVGAMode)
else Sclcct~raphicsMode,

ch :
i ;

McnuStr ý='Dispiay\-One sonograph\-Multiple sonographs\-Altitude distribution\-Digital mosaic'
'\--Frequency distribution\-Protilc across Irack\-Q:flcmo';

M cnuStr :- McnuStr + '\AOptions\-Crcate EGG subset\-GUround register\-H-ydrographic options' +
'\-Image processing options\-Sedimcnt analysisV--Xit';

McnullelpFilcNamc :='ss-main.hlp';
MakecMcnu(MenuStr.0.0~chji):
if ch in I''',F2'P1then Newlimage;
case ch Of

''Demonstration;
'A' Fishileightillot;
TY begin

Ncw(iraphiic~sModc(PET-,IMARI)cefaults.l)eftiraphflri%'er~tefrraphMode);
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Mosaic;

end;
'G:Editfile,

VF AcriosTracklFrequencies;
V begin

NumRecs:- 2;
ReadLonglntegciDefaultlnoraphicsliox(5,5,'Number of records to show (3 max )',NumRecs);
Mosaicindicator : true;
SelectGraphlcsMode;

end;
'111 : begin

DepthLimit :~45,
DataSubDir :-SldeScmnDefaults.DataPath;

MapDir :- Side~ScanDefaultsDataPath,
New~raphicsMode(PETNIARDefauIIs.DefUrmphDriver,DctUraphMode);
UTMlnitiaiize;
HydrographIcSurvey(tnsc, ? ' 1,,%tRed,DepthLImit,

MapProj.ProjectSymbol,ta&~ie.Box,DataSubDir,")
end;

TI begin
NewGraphicsMode(PETMARDefaults.DeifraphDriver,DeftraphMode);
Satellitelmage(true)-;
UTI'Mnitialize,

end;
T1P' DoProfile;
'TI: Subset;

'Sbegin
NewGraphicsMode(PETMAPRDefaultsaDefl~mphDrlver,DeforaphMode);
SievePlotting;

end;
end;

until ch in f'OYM'.'X']
if ch In ['O','M' then begin

if ch -'0'then Newimage-;
repeat
if ch -'0 then begin

NumRecs :- 1.
Mosaicindicator :- false;

end;
(iraphinit.
MosaicLoop := I
while MosaicLoop <- NumRecs do begin

If Mosalicndicator then begin
Newimage;
WaitAtliottom := false,

end;
re'peat

MenuStr :- `~Channel displayed\-~Port\ý.Starboard\-.I3oth\ADisplay preferences' +
'\-I-xpress\-Customnized\-Abort';

MenulielpFileNanic := 'ss-sono~hlp';
MakeMcnu( McnuStr,5,5,ilortCh,i);
case PortCh of

V: begin
ColsSidchySid := I;
liot~al := 25;
Copylrmage: false;
Skip('ales :- false;
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Invert :- false;
RadioCorrect :- false:
RadioData :=false,
ShowBar :- false:
WaitAtflottom :- false

end;
'C: begin

repeat
I :- 99;
MenuStr :- 1A'1vodlif, preferences' +
'V-Bottom tracking,' + ChannelName(BottomChannel) +
'\-Copy to Image file,'+ YesOrNo(Copylmage)
'\-Display status bar,'+ YesOrNo(SliowBar) +
'\-Edit bottomvalue, ' + lntegerToString(RotVal,3) +
'V-Invert,'+ YcsOrNo(lnvert) +
'V-Number of columns to display, '+ IntegerToString(ColsSidebySide,3) +-
'\-Radiometric corrections, '4+ YesOrNo(RadiaCorrect) +
'V-Target color, 1
if NormalColor then MenuStr :- MenuStr + 'White'
else MenuStr :- MenuStr + 'Black'%
MenuStr :- Menu Str + '\-Wait when screen full '+

YesOrlso(WaltAtBottom) + '\-Xit';
MeriullelpFileNaine :- 'ss-prefthlp';
MakeMenu(MenuStr,5,5.DispCh,i),
case DlspCh of

'B: begin
S:- 1,
MakeMenu(A'Bottom tracking channel\-Port\-StarboardV-Both',

5.5.1BottomChannel,i):
end;

'C' Copylmage :- not Copy~mage:,
'D: ShowBar :- not ShowBar,
'V: ReadlntegerDefaultlnGraphicsBox(-5,-5,'New bottom value',BotVal):
TI: Invert :- not Invert;
'N': If not MosaicIndicator then begin

ReadlntegerDefaultlnGraphlcsBox(l 1.1 'Display n columns (3 max)',
ColsSidebySide):

NumRecs :- NumRecs + CoisSidebySide - 1;
end.

'W': WaItAtBottom := not WaltAtl~ottom;
'V: RadioCorrect :- not RadioCorrect:
"I": begin

for i :- (0 to 255 do
Colorl~ytcs~i] :- Offset + pred(NurnGrays) - ColorByteslil;

NorrnalColor :- not NormalColor;
end;

end;
until DispCh In IXI:

end.
'A': goto Borcd;

end:
until PortCh in jPS,1,AJ
If RudioCorrect then begin

SclectGraphicsMode;
RadiometricCorrect;
R.iJioDuta := true;

end:
if Invert then y :=~ 0else y -~ ScreenYMax;
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case PortCh of

TY'S': OncOrBoth :- 1;
'B': OncOrBoth :- 2;

end;
Starboard :, PortCh - 'S';
if NumRec <- ScreenYMax then StartRecord :- 0
else

repeat
ReadLonglntegerDefaultinGraphicsBox( I 3,'Starting record', StartRecord),
seek(DataFile,StartRecord);
($I-) Read(DataFIlc,StdRec); 1$1+)
AnallyzeRecord,

until A~nswerlsYesXY(l,5.'DIsplay ftrom time'I + TimeString);
seek(DntaFile,StartRecord);
OnRecord :- StartRecord;,
ColaDone :- 0;
ScreensDone :- 0;
massign(JunkFile,PETMARDefaultsVirtualDiskPath + 'YazidRec~txt'),
rewrite(iunkFiie),
F~plit(PName,Dir,Name,ext);
If Copylmage then begin

assign(Image~ieDr + Name + ',BN I')
rewrite(ImagePile~succ(ScreenXMax)),
RowCounter :- 0;

end.
while (not EOF(DatalFile)) do begin

inc(OnRecord);
if~ EQP(Data~ile) then goto Bored;
($I..) Read(DataCIle,StdRec);, (W1)
if lOResuit -0 then begin

AnalyzeRecord:
if (ShowBar) and (OnRecord < 32000) and

((OnRecord moe 5) - 0) then
Screen(IJl,LightRed,Nazne + " + TimeString 4-' ec: '4

lntegerToString(OnRecord,3) +
'Spd:' + RealToString(Speed,5,2) -' kts' +
'Rng:' + R'c-alToString(Range,4,0) + ' mn' +
Frq:' + lntegerToString(PreqUsed,4) + I kliz' +
'Hdg:' + RealToString(Heading.4,0) +, 'r

RecXMax :- ScreenXMax div (NumRecs * OneOrBoth);
FindFishl-eight(BottomStart),
DevFishHeight :- abr(Oldfishl-eight - rishi-cight);
if RadioData and RadioCorract then

for x:- BottomStart to 883 do
if (AvgPrtix, > 0) and (AvgStd lxi > 0)

then begin
StdRec[32 +- 2 * x]: round(StdRecl32 + 2 *x) 32 / Avg~rtxl);
StdRecl33 + 2 * xi] round(S~dRcc[33 + 2 * xl * 32 / AvgStdlxi);

end;
if (not RL iioData) and RadioCorrect then begin

ResumcMarker :- OnRecord:
RadiomnetricCorrect;
RadioData :- true;
reset(Datafl-c);
seek(LDataflleResumneMarker):

end;
if ((DevFishfieight > Rucalctlaramnetr~r) an~d

(not (SkipCoics))) or (Oi~ccord - ) then begin
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RecXMax :- ScreenXMax div (NumRecs 0 OneOrBoth);
SiantkngCarrect;
XDeflection := (MosaicLoop - 1) * (ScreenXMax div NumRecs),
case ColsDone of

I :XDeflection :- ScreenXMax div NumnRecs.
2: XDeflection :- 2 11(ScreenXMax div NumnRecs);

and,
OldFishHeight :- FishHeight.

end;
AspectRatioCorrect;

end;
if (KeyPressed and (ReadKey - #27)) or (OnRecord - NumRec) then begin

repeat
i:- I
MenUStr :- '\AImnage optionsq\-Resunt,-\'-lmage\-Get position' +
'\-Measure diStanCe\Aj)1,rl~uY prefereiices\-Express\-Customizcd\-Abort',
MenuHelpFileNwme ."~is~l'
Makelvenu(MenuStre -I I,ch,i);
case ch of

T:PETMARltrnc.e,.ption(true,DefaultPrint);,
'G,VM: GetPosition;
TE: begin

BotVai :- 25;
Copy Image : - false;
SkipCaics :- false,
RadioCorrect :- false;
RadioDato :- false,
ShowBar : ý false,
WaitAtBottom :- fUse;

end;,
'C': begin

repeat

MenUStr: 1A AModify preferences' +
'ý-Bottom tracking, '+ ChannelName(ilottomChannel) +
'\-Display status bar, '+ YesOrNo(Show~lar) +
'\-Edit bottomvalue, '+ lntegerToSti-ing(BotVal,3) +
'\-LUJT recaics skipped, '+ YesOrNo(SkipCalcs) +
'\-Radiomctric corrections, '+ YesorNo(RadioCorrect) +
'\-Target color, 1

if NormalCoior then MenuStr :- MenuStr + 'White'
else MenuStr :r: MenuStr + 'BI'ick':
MenuStr :- MenuStr +

'V-Wait when screen full,'+ YesOrNo(WaitAtliottom) + 'V-Xit';
MenutielpFileNarne:- 'ss-modlf~hlp';
Make Mcnu(Menu Str,- 1,-1.13ispC h,l1);
case flispCh of

'13:. begin
i :- ,
MakcMcnu('^Rottom tracking channcl\-Port' +

'\-Starboard\--Both',5 ,5,BottomChannel~i);
end,

VD: SliowBar :- not ShowBar;
V': Readlnleger~cfaultlnGraphicsflox(.5.-5.'New botto'n value'JiotVal),
1.': SkipCaics :not SkipCalcs:
'W': WaltAtBottom :- not WaltAtllottom:ý
'R' RadioCorrect :=not Radio('orrect;

"I"hegin
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for :-Otoa253 do

ColorBytes~lij: Offset+prcd(Num~rays)CCdolrflytCsti1
NormalColor :-not NormalColor;

end;
end,

until DispCh In ['XIJ
end,

W;~ goto Boared;
end;

until ch in[RAJ
end;

end.
inc(MosaicLoop),
OldFishH*iglitt:- -9999;
if FileOpen then begin

close(Dataie,7c);
FileOpen: false;

end;
closc(JunkFile);

end;
Bored:;
if Copylniage thun MakelDmandXYiles;

until nut AnswerlsYesXY(1l5,DI$isplay this Image again');
end;
I(Bored:,
if FileOpen then begin

ciase(Data]7le).
FileOpen :-' false;

and;
until ch -X
assign(Defaults~lile.SidcScanDEF');
rewrite(DefaultsFile);
write(DefaultsFile.SidcScanl~efaults);
close(DefaultsFile);
SelectTextMode,

end;
end,


